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Abstract 
 

The development of renewable energy technologies is of paramount importance today. Especially for 
those countries, that rely heavily on fossil fuels as these sources are exhaustible. 

 

There are many possibilities how these technologies could be implemented and in this study the question 
of PV-panels and wind turbines usage for the purpose of power supply of Gazprom Eastern gas 
program compressor stations is considered. Also the concept of an energy hub is presented, 
technological and economic calculations for various configurations of solar panels and wind generators 
are carried out. Moreover for each option the analysis of sensitivity of the main economic indicators is 
done. 

 

On the basis of the obtained results, the conclusion was made that the implementation of renewables in 
Eastern gas program is economically feasible and may give an immense impulse for the further 
development of alternative energy technologies in Russia. 
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1. Introduction  
 
Natural renewables: biomass, wind, sunlight, water streams, along with the muscular strength of people 
and animals, were the main sources of energy applied by the person in a subsistence economy at early 
stages of development of a civilization. However technologies and the corresponding technical devices 
for their use (the centers, mills, dryers, etc.) at that time were primitive and allowed to receive heat and 
mechanical energy only in small quantities. 
 
The industrial revolution began in the middle of the XIX century and was characterized by transition 
from manual skills to machine, was based generally on burning of coal and the wood biomass which 
contribution at the beginning of the XX century in structure of world consumption of energy resources 
reached respectively about 60 and 40% [1]. 
 
Development of technologies of oil and gas production in the XX century led to gradual decrease in 
deposits of biomass and coal in world power balance, and by the beginning of the 70th years of the last 
century oil became the main energy resource used by mankind. Its contribution to power balance reached 
at this time a historical maximum of 47%. Thus the relative share of coal decreased to 25%, and biomass 
to 12%. The balance rest (about 16%) began to be covered by more and more widely used natural gas. 
 
"Energy crisis" of the 70th years gave an impulse to revision of power strategy of development of many 
countries. It became clear that oil can't be a reliable long-term basis of development of world power and 
it is necessary to diversify primary power sources. The active development of nuclear power in the world 
was slowed down in connection with Chernobyl accident (1986) and other accidents on nuclear power 
plants. 
 
Along with power problems in the world, concern in level of influence of the human being on 
environment began to accrue. In 1992 the Framework convention of the UN on the climate change [2], 
recognized the existence of a problem of the climate change which is the result of anthropogenous 
activity.  In many countries active researches and development devoted to the  search of safe and more 
eco-friendly power sources began. 
 
It should be noted that the greatest interest in renewables, accompanied by the growth of financing of 
researches and development in this area from the state budgets and the private companies, was shown by 
the countries which have strong dependence on import of traditional energy resources (the country of 
the European Union, the USA, Japan, later China, etc.). In rather short terms by the beginning of a new 
century considerable success in radical improvement of power, technical and economic indicators of 
various technologies of the renewable energy transformation to types of energy useful to the human 
being was achieved. Many technologies of power use of renewables came closer to a competitiveness 
threshold with the traditional technologies that are based on traditional organic energy resources, and in 
some favorable conditions, practical applications and regions surpassed this threshold. Due to intensive 
development of industrial technologies, the cost of energy and the biofuel, made by the means of wind 
turbines, photo-electric converters, solar thermal, geothermal and biopower installations, was succeeded 
to lower many-fold (figure 1). 
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Figure 1 - Tendencies of change of cost of energy from various renewables (in US cents, 2005) 
 
 
It gave the grounds to consider renewable power as one of key trends of development of the world 
power, capable to promote the solution to the global power and environmental problems of the mankind 
caused by steady growth of the population and growing consumption of energy which by 2020 
according to forecasts will increase to 18-20 billion t.o.e. per year [3]. 
 
 

2. The generalized indicators of modern development of 
renewables in the world 
 
There are two different methodical approaches to the definition of renewables and to the account of 
them in power balances. Generally the term "renewable sources of energy" is applied in relation to those 
power sources, which stocks are filled naturally, first of all, because of the stream of energy of sunlight 
that strikes the surface of the Earth, and in foreseeable prospect are almost inexhaustible. First of all, 
that’s solar energy and also its derivatives: wind power, energy of different types of the biomass, which 
growth is connected with photosynthesis processes, energy of water streams, sea waves, low-potential 
heat of environment, etc. To renewables refer also geothermal heat arriving on a surface of Earth from 
its subsoil, energy of the sea inflow caused by gravitational interaction of the Earth and the Moon, and 
also some power sources that are the results of human activity (organic waste of industrial and 
agricultural productions, household waste, etc.).  The source of power could be any system, which isn't in 
balance with environment, and in this regard a set of potential sources of renewable energy is very wide. 
 
At such general approach in power balance it is necessary to consider hydroelectric power stations, which 
total power in the world exceeds 990 GW and on which it is made about 3700 TWh electric power a 
year. Still in many developing countries the traditional biomass is used in the power purposes which 
contribution to total world power balance is estimated today approximately at 9,3%. Taking into account 
these power sources of renewables today provide the significant contribution to world consumption of 
the energy, estimated about 19% (figure 2). 
Other part of world energy balance is covered by traditional fossil organic fuels – 78% (coal, gas, oil) and 
nuclear energy – about 3%. 
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If we consider only electricity generation as the most effective energy carrier determining the level of 
technological development of the countries, in this case the contribution of all types of renewables to 
world production of the electric power makes about 22%, from them about 17% is the share of 
hydropower, and other renewable technologies have the share of approximately 5% (figure 3) [4]. 
It should be noted however that the hydroenergy potential of the large rivers in the world is developed 
already approximately on a third, and its undeveloped part is concentrated mainly in developing 
countries, and further development of large hydropower is limited due to ecological restrictions (flooding 
of big territories, etc.). 
 
 

Figure 2 - A contribution of traditional and nonconventional renewables to global consumption of 
energy in 2012 (source: REN21) 
 

Figure 3 - A contribution of renewables to world production of the electric power at the end of 2012 
(source: REN21) 
 
 
Consumption of traditional biomass in the world is steadily reduced in connection with transition to 
more perfect technologies of heat supply and cooking. 
 
Thus, expansion of scales of development of renewables in the world lies rather on new technologies and 
their power use today. There is a second approach among experts which consider only new technologies 
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to renewables, and large hydroelectric power stations with power more than 25 MW and the traditional 
biomass used for heat supply and cooking are excluded from this consideration. 
 
While the traditional power which is based on fossil organic energy resources since the beginning of the 
XXI century on average grew in the world with rate of only 1-1,5% a year, the renewables technologies at 
the same time develop with average rates of 10% and more percent a year (figure 4). 

Figure 4 - Average annual growth rates of power installations of renewables and production of biofuels 
in 2007-2012 (source: REN21) 
 
 
Such high rates of penetration of renewables on the extremely inertial energy market testify that the 
renewable power becomes more and more serious "player" and deserves close attention. 
 
The conclusion that new renewable technologies will have a considerable and stable share of world 
energy balance is confirmed by the continuous growth of investments into this sector which in 2011 
reached 279 billion US dollars (figure 5) [5] and unlike investments into other sectors of world economy 
didn't undergo noticeable recession due to the world financial and economic crisis of 2008. In 
comparison with 2011, in 2012 investments into renewables decreased a little that is explained by the 
specific cost of the equipment (first of all, photo-electric converters and wind turbines) in a year 
considerably decreased (commissioning of new power installations of renewables in 2012 made 85 GW, 
while in 2011 -  80 GW). 
 
The leading countries that invest into renewables are China, the USA, Germany, Italy and India. 
Investments of China in 2011 were 51 billion US dollars, the USA – 48 billion US dollars, Germany – 31 
billion US dollars (the most part from them was invested in the small-scale power distributed generation, 
generally in roof photo-electric installations), Italy 29 billion US dollars, India 12 billion US dollars. The 
maximum growth rates of investments into renewables in 2011 in relation to 2010 took place in Italy 
(248%), the USA (58%), Canada (47%), Belgium (40%), China (28%), India and Brazil (25%). 
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Figure 5 - Growth of investments into development of new renewables (source: REN21). 
 
 
The greatest investments in 2012 are noted in solar power – 140 billion US dollars and wind power – 
more than 80 billion US dollars. In solar power investment were directed first of all on creation of roof 
photo-electric installations in Germany, Italy and Great Britain, and also on construction of several solar 
power thermal power plants in Spain and the USA. 
Integrated indicators of development of renewable power in the world during the period from 2010 to 
2012 are given in table 1. 
 
 
Table 1 - Indicators of renewables development in the world 
 
 2010 2011 2012 

Investments into 

development of RES, billion US 

dollars 

227 279 244 

RES power installations, 

(without hydroelectric power 

station), GW 

315 395 480 

RES power installations 

(taking into account hydroelectric 

power station), GW 

1250 1355 1470 

Power of hydroelectric power 

station, GW 
935 960 990 
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Energy production on 

biopower installations, GW-h 
313 335 350 

Power of the photo-electric 

modules, GW 
40 71 100 

Power of solar power 

thermal power plants, GW 
1.1 1,6 2,5 

Power of wind turbines, 

GW 
198 238 283 

Thermal power of the solar 

water heaters, GW (t) 
195 223 255 

Production of bioethanol,  

billion l/year 
85 84,2 83,1 

Production of biodiesel,  

billion l/year 
18,5 22,4 22,5 

Number of the countries 

which accepted long-term 

programs of development of RES 

109 118 138 

 
In 2012 the total rated capacity of power installations on new types of RES reached 480 GW and almost 
by one and a half times exceeded total power operating in 32 countries of the world of 439 nuclear 
power reactors of equal 340 GW. 
 
Today 138 countries in the world formulated target indicators on RES development for the period till 
2020 and on more distant prospect. In most cases within the next 10 years it is planned to reach a 
contribution of renewables to energy balances at level from 10 to 30%. The most ambitious target 
indicators are accepted in the European Union (figure 6). 
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Figure 6 - Reached in 2005 and in 2011 indicators of a contribution of RES to final consumption of 
energy in EU countries and the purpose for 2020 (REN21 data) 
 
 
It is necessary to emphasize that in the majority of the leading countries the accelerated development of 
RES is carried out with political, legislative and financial support. The most widespread form of 
stimulation of development of renewables in the field of electricity generation installations are so-called 
FIT-tariffs (feed-in tariffs) and RPS – standards (renewable portfolio standards). The essence of these 
stimulating economic measures lies in the following. FIT tariffs are the specially established raised tariffs 
for the electric power bought from power renewable installations that provide profitability of energy 
generation. 
 
They act in 65 countries. Power installations are differentiated by types and capacities, approved for the 
long term (10-20 years) and gradually decrease from year to year taking into account development of 
technologies. For instance, in Germany such tariffs were presented in 2000 and work with the small 
amendments introduced in 2010 till the present. During this time taking into account development and 
equipment reduction in cost tariffs for photo-electric installations were lowered more than twice to less 
than 17-18 Euros cents/kWh.  
 
The electric power from photo-electric installations despite essential decrease in their cost in recent years 
remains the most expensive among renewable power installations. Therefore FIT tariffs for the electric 
power from other installations are established at lower level. It is interesting to note that a little 
overestimated tariffs accepted in Spain for its climatic conditions led to boom in building of solar power 
installations, and instead of expected 400 MWt by 2012 power installations with rated capacity about 3 
GW were made. As a result, in 2012 reception of new demands for establishment of FIT tariffs for solar 
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installations was temporarily suspended. Tariffs continue to work only for the power installations created 
or for those that are already under construction. 
 
Among Russia’s neighbours FIT tariffs for RES were accepted in September, 2008 in Ukraine. The law 
guarantees free reception of the electric power in a network from small hydroelectric power stations with 
power up to 10 MW, wind, photo-electric, geothermal power installations, and also from the installations 
working on biomass. 
 
In October, 2012 the following tariffs (Euro cent/kWh) are approved: for small hydroelectric power 
stations – 8; for solar installations - 48; - for biomass - 13; for wind turbines - 12. 
 
According to Agency of energy efficiency and energy saving of Ukraine, as a result of introduction of 
stimulation measures the rated capacity of power plants on RES without big hydroelectric power stations 
at the end of 2012 exceeded 0,6 GW though earlier this indicator was planned to reach only in 2015. 
Annual electricity generation at such power plants will reach 1 billion kWh in 2012, but not in the 2015th 
as it is was forecasted by the project of an energy strategy. It is predicted that Ukraine by 2020 will be 
able to increase an electric power share from RES in total production to 12%, and by 2030 – to 15%. 
 
Other mechanism of management and development of renewables that is used in 18 countries and in a 
number of states of the USA, Canada and India is so-called RPS – standards or quotas which are 
approved by the governments and impose obligations on the energy companies, groups of companies or 
consumers of energy to provide the set share of RES based on rated capacity or on output or electricity 
consumption. For example, in Israel in 2011 the law was issued that prescribes to install in the country 
110 MW of autonomous power installations on RES by 2014, 800 MW of wind installations, 460 MW of 
large solar and 210 MW biogas or the electrogenerating systems working on waste network. Usually this 
"administrative" mechanism of management is combined with the market mechanism of trade in "green 
certificates" providing attraction of financial resources for the implementation of projects. 
 
It should be noted that the accelerated development of RES stimulated by these methods in a number of 
the countries doesn’t always find support among the population and business. The political decisions 
made by the governments often cause discontent of the energy companies because of the obligation 
provided by laws in a network of "expensive" electric power developed by installations on RES to reduce 
energy production at more economic traditional power plants, and in some cases and to completely close 
them. Besides at a considerable share of RES in energy generation (especially from unstable wind and 
solar sources) there are problems with ensuring stable parameters of quality of the network electric 
power (voltage, frequency) that demands additional expenses. Implementation of programs for 
development of RES finally leads to the increase of tariffs for the electric power for consumers what also 
causes certain discontent. 
 
For example, in Germany that develops intensively renewable technologies, according to settlement data 
of the German operators of electric networks (German transmission system operators (TSOs)) [6] in 
2012 consumers had additional financial burden of 14,1 billion euro that led to increase in a tariff at the 
electric power at 3,53 Euros cents/kWh. For a family that consists of 3 people and that consumes on the 
average 3500 kWh/year, the RES implementation increase family costs on about 124 Euros a year or 
about 10 Euros a month. 
 
At the same time many countries continue to show great interest in development of RES and spend 
amount of money on renewable projects. As it was noted above, leaders in practical development of RES 
are, first of all, the countries of Europe, China, India and some other which today have strong 
dependence on import of traditional energy resources from other regions of the world. For these 
countries the main motivation of development of renewables is the desire to increase the energy security 
and to reduce dependence on import of energy resources in the future. 
 
The important reason for development of renewables is the possibility of multiple depreciation of energy 
production. Progress in the development of production technologies of photo-electric converters led to 
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depreciation of energy costs almost by 100 times since 1980, and in wind turbines sector – by 10 - 15 
times. Important factor is the creation of industrial productions lines where prime cost of products 
decreases with growth of outputs. 
 
In a number of the countries orientation to export of new technologies and the equipment to other 
countries is the important reason of active state support of RES development. This argument is 
considered to be one of the most important in China (which has a big share of the world market of 
photo-electric converters), in Germany and in other countries [7]. 
 
Practical development of renewables leads also to the creation of new workplaces, development of small 
and medium business and by that positively affects social and economic conditions. In 2011 the total 
quantity of workplaces in the field of RES in the world exceeded 5 million, including the European 
Union countries (more than 1,1 million), the USA – more than 0,5, China – 1,6, Brazil – about 0,9 
million. On figure 7 the countries, which have accepted concepts of power development, are represented. 
 

Figure 7 - The countries which have accepted concepts of power development                 (REN21 data, 
2013) 
 

2.1 Solar power (PV panels) 
 
The production technology of PV panels came for last decade to a new level and, even despite a difficult 
economic situation in the world, is on the way to formation as the main source of electricity generation 
in the world. After record growth in 2011 the market of PV panels continues to grow, though not in 
such fast pace. 
 
At the end of 2009 cumulative rated capacity of PV panels in the world reached almost 24 GW. One year 
later it was already 40.7 GW, and at the end of 2011 - 71.1 GW. In 2012 the industry reached an 
indicator of more than 100 GW of rated capacity worldwide — the sum, capable to produce at least of 
110 billion kW-h of electricity every year. It is enough for energy satisfaction of annual requirements of 
power supply for more than 30 million European house farms. 
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The year 2013 increased rated capacity by 37 GW worldwide, thereby having reached record level of 
136.7 GW (a gain in 35% to 136.7 GW in comparison with 2012). On figure 8 the rated capacity of PV 
panels for the last 14 years is shown. 
 

Figure 8 - Rated capacities of PV panels in 2000-2013 (source: EPIA) 
 
The tendency for internationalization of the markets of the PV panels, observed in 2012, in 2013 became 
even more obvious.  Today Asia takes leadership from Europe and comes out on top of the quantity of 
new PV panels installed.  While Europe concentrated on its territory more than 70% of new installations 
of PV panels in 2011 and 59% a year later, in 2013 the European market made about 10 GW of new 
power (28% of the world market) [8].  
 
The dynamic Asian markets led by China and Japan (about 11 GW and 7 GW respectively), in 2013 
occupied 57% of the world market.  As expected, the growth won't stop as in China steady demand on 
PV panels is observed what will allow the country to remain the number one market in the next years.  
 
On the other hand, the European markets of PV panels experienced growth impairment. In many 
European countries it can be explained with pernicious and retrospective measures which infringed on 
the interests of investors and investment attractiveness of the market of PV panels. In Italy 70% market 
reduction in comparison with a year before to be observed. Germany also experienced in 2013 sharp 
reduction of the PV market (-57% in comparison with 2012). On figure 9 dynamics growth of rated 
capacities for the last 14 years is represented. 
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Figure 9 - Development of rated capacities in 2000-2013 (EPIA data) 
 
 
 

2.2 Wind power 
 
According to Global Wind Energy Council, rated capacities of the wind turbines installed following the 
results of 2012 is 283 GW (+18,7% in comparison with 2011), including 5,4 GW of offshore wind 
turbines (+31,4%). According to BP Statistical Review of World Energy 2013, electric power 
development on wind turbines in the world reached 521,3 billion kW-h (or 2,3% of total output of the 
electric power) [9]. Data are illustrated on figure 10. 
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Figure 10 - Dynamics of wind turbines rated capacities in the world and the volume of world production 
of the electric power on wind turbines (Global Wind Energy Council data; BP Statistical Review of 
World Energy, 2013) 
 
 
The majority of rated capacities are installed in EU (38,8%). Further — the countries of Asia (34,5%) 
and North America (23,9%). Least of all wind power use in the countries of Latin America and the 
Caribbean Basin (1,2%), in the countries of the Pacific region (1,1%), and also in the countries of Africa 
and the Middle East region (0,4%). As for the leading countries on wind power development, the most 
part (73,6%) of the world wind turbines installed capacities is the share of five countries: China, USA, 
Germany, Spain and India. The general data on world leaders of the market of wind generators is 
presented in table 2. 
 
 
Table 2 - Top ten countries on the volume of rated capacity of wind turbines and their share in the 
universal volume of rated capacity as of the end of 2012 (Global Wind Energy Council data) 
 

 

Country Installed 

capacity, MW 

Share, % 

 

China 

75 324 26,7 

 

USA 

60 007 21,2 

 

Germany 

31 308 11,1 

 

Spain 

22 796 8,1 

 

India 

18 421 6,5 
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Development of wind power is promoted by a number of factors: 
 

− Growing dependence of the majority developed and developing countries on the import of 
energy resources. Moreover, importers rely on import of energy resources from the countries 
and/or the regions, characterized by frequent armed conflicts and political instability. Such 
situation creates risks for energy security of the import countries that induces their governments 
to stimulate development and use of alternative energy sources. 

	  
− Increase in anthropogenous influence on environment. Growing volumes of emissions of 

greenhouse gases and harmful substances in the atmosphere promote climate change and 
negatively affect on health of humans. There is a deed for the development of low-carbon power 
which will give low or even zero emissions of greenhouse gases and harmful substances. 

 
− Development of technologies and the saved up experience. Nearly 30 years have passed since 

the beginning of commercial use of wind turbines. Today new effective and cheap materials are 
used in production of modern wind turbines, that is why the single power of wind turbine 
increased. Besides, there is positive effect from the economy of scales. Such situation leads to 
reduction of costs for production of wind turbines, and consequently, to increase of 
competitiveness of wind turbines in comparison with other production technologies. 

 
Wind power is the most developed branch of renewable power (disregarding hydropower) that is 
reflected in its economic characteristics. Onshore turbines are characterized by one of the lowest 
indicators of cost of electricity generation among alternative types of energy generation. Nevertheless, 
offshore turbines still concede to some types of RES. 
 
Considerably high prime cost of the electric power produced on wind turbines is caused by big capital 
costs for a power unit in comparison with traditional thermal power plants. For onshore wind turbines 

 

GB 

8445 3,0 

 

Italy 

8144 2,9 

 

France 

7564 2,7 

 

Canada 

6200 2,2 

 

Portugal 

4525 1,6 

 

Others 

39 853 14,1 

 

Total (top 10 countries) 

242 734 85,9 

Total (world) 282 587 100 
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the main part of capital expenses are the share of production, transportation and installation. For 
offshore turbines the significant contribution to the joint capital costs is made by procedures of 
connection to networks, and also obtaining permissions. It is caused by technical difficulties and more 
difficult regulation of marine territories usage. In table 3 and 4 data on cost of energy production on 
various types of power plants and structure of capital expenses for onshore and offshore wind turbines is 
given. 
 
 
Table 3 - Cost of electricity generation depending on a source, on the basis of data for 2009-2012, 
dollars/kW-h (OpenEI Transparent Cost Database data) 

 
 
 
Table 4 - Structure of capital expenses for onshore and offshore wind turbines (for the developed 
countries in 2011) (data of IRENA Renewable Energy Technologies: Cost Analysis  
Series, Volume 1: Power Sector, Issue 5/5) 

 
 
Despite considerable capital expenses, onshore wind power is characterized by rather high 
competitiveness in comparison with other types of RES if an indicator of capital expenses is considered. 
Thus, according to IRENA, onshore wind turbines can compete with all types of renewables, including 
large hydroelectric power stations. High capital expenses of offshore wind turbines don't allow to 
complete on equal terms with other RES. Comparison of dispersion of capital expenses for various types 
of the power plants working on renewable technologies, is presented on figure 11. 
 
 

Power plant Min Average Max 
PV plant 

Solar thermal plant 

Offshore wind power plant 

Geothermal power plant 

Hydro power plant 

Coal power plant 

Nuclear power plant 

Onshore wind power plant 

Gas power plant 

0,14 0,25 0,48 

   0,17 0,19 0,20 
   0,09 0,12 0,17 
   0,04 0,06 0,12 
   0,03 0,06 0,11 
   0,04 0,05 0,11 
   0,01 0,06 0,11 
   0,03 0,06 0,09 
   0,02 0,05 0,07 

 Onshore wind turbines Jffshore wind turbines 
Capital expenses (US $/ kW) 1700-2450 3300-5000 

 

Wind turbine price (%) 
65-84 30-50 

 

Grid connection costs (%) 
9-14 15-30 

 

Construction and transportation costs  (%) 
4-16 15-25 

 

Other capital expenses (%) 
4-10       8-30 
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Figure 11 - Comparison of dispersion of capital expenses for various types of the power plants working 
on renewable technologies in 2012 (IRENA Renewable Power Generation Costs in 2012 data: An 
Overview) 
 
 

2.3 Renewables in Russia  
 
Russia is certainly better, than any other country in the world, is provided with own stocks of traditional 
fuel and energy resources. However it is obvious that reserves of rather inexpensive oil and gas aren't 
boundless, escalating expenses are required on investigation and development of new fields, and the 
strategic development aimed at the improvement of fuel and energy balance, increase of efficiency of use 
of energy resources, diversification of primary power sources including reasonable use of renewables, and 
by that on strengthening of energy security of the country, its regions and certain consumers is required. 
 
As it was already mentioned, the energy sector is strongly inertial therefore technologies, which could be 
applied in 30-50 years, have to be developed and approved already today. It is important to note that the 
majority of regions of the country, including the south of Russia, are energy-deficient, they need delivery 
of fuel and delivery of energy. For such regions solution of the problem of regional energy security is as 
topical as for the countries that import energy resources. In our country which could be called “gas 
power“ only 50% of the cities and about 35% of rural settlements are gasified. 
 
Also the coal and oil products which are sources of local environmental pollution are used. Frequent 
natural cataclysms showed that in the areas of the centralized power supply there is a  need for 
development of the small distributed generation that will help to solve the problem of increase of 
reliability of power supply of consumers in small settlements. 
 
The power situation which exist in the country is far from optimum and realization of a package of 
energy security measures and decrease in costs for power supply is required. Renewables can and have to 
play a significant positive role in the solution of the these problems. 
 
Despite large world scientific and technical achievements in development of designs and technologies of 
RES usage, dynamics of their implementation in Russia is very uneven and the level of their practical 
application is very limited. 
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Carrying out historical digression, it should be noted that Russia was the first to create       non-
chlorine technology of receiving solar polycrystalline silicon with the low power expenses, new 
polymer-free technology of photo-electric modules sealing with service life of 40 years (that exceeds 
service life of existing modules twice). 
 
The Russian scientists for the first time in the world created photo-electric modules with stationary 
concentration which allow to reduce almost by 30 times consumption of solar silicon per power unit 
and to bring production cost to 0,5-1,0 dollars/kW in comparison with 2,5-3,0 dollars/kW for 
standard flat modules. 
 
Russia has modern technologies and the equipment for geothermal power plants and small 
hydroelectric power stations. Production of reliable and inexpensive solar collectors and solar and 
wind installations of low power (to 1 kW) [10] is also mastered (photo-electric and wind installations 
are generally made for export). 
 
Experimental and trial installations were created: 

− Kislogubsky tidal power plant (450 kW) on the Kola Peninsula; 
− Experimental Paratunsky double-circuit, 11 MWt and trial Paratunskaya one-planimetric 

geothermal thermal power plants; 
− The 5 MWt Crimean trial solar power tower station with 1600 heliostats with electronic and 

computing management; 
− Experimental solar base in Alushta; 
− Solar water-heating installations in the Rostov region, the Republic of Dagestan, in 

Krasnodar Krai; 
− Heatpump stations in the Crimea and in the Caucasus. 

 
However due to the tactical reasons, and also economic difficulties during reorientation of economy 
development, and also relative low cost and availability of liquid and gaseous fuel in the 60th years 
these works were almost cut down. 
 
And only since the end of the 80th owing to a number of economically reasonable conditions 
(economy, ecology, decentralization of power supply of some distant regions, etc.) interest to 
practical use of nonconventional renewables renewed in Russia. 
 
Today the accelerated development of RES in Russia needs to be considered as an important factor of 
modernization of economy, that is connected with development of innovative productions, 
development of new innovative technologies, development of small and medium business, creation of 
new workplaces, improvement of social conditions, ecology improvement, etc. The advance of RES 
has to be carried out in close coordination with realization of energy saving measures. 
 
For the first time In Russia target indicators of RES development at the state level were designated by 
the Order of the Government of the Russian Federation on January 8, 2009 No. 1-p [11]. Recently 
indicators of development of renewables were actually reconsidered. 
 
According to the "Energy Efficiency and Power Development" state program till 2020 there should 
be installed 6,2 GW of generating capacities on the basis of renewables that will allow to increase a 
share of RES in the country energy balance by 2020 only to 2,5% (instead of 4,5%). 
 
A certain hope that RES will start being used more widely in various sectors of the Russian economy 
gives the Government resolution No. 449 adopted on May 28, 2013 providing financial support of 
development of renewables. This Resolution considers only electrogenerating objects of renewable 
power: wind, solar power stations and the small hydroelectric power stations with power from 5 to 25 
MWt connected to an electric network. The mechanism of stimulation is based on compensation of 
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expenses under contracts for sale of the power (DPM) in the wholesale electric power market. Thus 
the volume and structure of annually installed capacities by types of RES, and also the DPM price 
parameters ("a price formula") are defined by the Government, proceeding from the guaranteed 
return of investments within 15 years. Standard levels of capital and operational expenditure that 
allows to control level of total expenses for generation support on the basis of renewables and to limit 
growth of tariffs are presented. Selection of projects on DPM will be made according to the results of 
the competitive procedure which criteria consider declared specific capital and operational 
expenditure and project indicators on production localization (use of the domestic equipment). The 
last is directed on stimulation of development of a domestic equipment production in the field of RES 
. 
Rated capacity of objects of renewables, which have to be selected on a competitive basis (for a year 
of the beginning of delivery), is presented on figure 12. Also the chart illustrates expected shares of 
wind turbines, solar power stations and small hydroelectric power stations by 2020. It could be seen 
that by 2020 about 3,6 GW of wind turbines, 1,5 GW of photo-electric power installations and about 
0,75 GW of small hydroelectric power stations have to be set in operation. The expected total power 
of all renewable power plants by 2020 is about 6 GW. The first competitive selection of projects was 
made in July-August, 2013. It is important to note that in case of successful implementation of the 
made governmental decisions in Russia the foundation for domestic industrial production of many 
components of the equipment according to the established exponents of localization by types of 
objects of RES for 2014-2017 (Table 5) has to be laid. So by 2017 65% of the equipment of wind 
turbines, 70% of solar panels and 45% of small hydro stations will have to be made in Russia. 
 
 

 
 

Figure 12 - Rated capacity of RES objects set in operation for competitive selection, (MWt) and 
structure of generating capacities ofrenewable power installations , planned for 2020 
 
 
 
Table 5 - Extents of localization by types of objects of RES on 2014-2017 
 
 
 
 
 
 
 

Type of object/year 2014 2015 2016 2017 
Wind turbines 35% 55% 65% 65% 
Solar power 50% 50% 70% 70% 
Small hydro 20% 20% 45% 45% 
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Peculiarities of power situation in Russia impose specific requirements on formation of renewables 
development programs. Along with development of renewable technologies as a part of systems of 
the centralized power supply that is priority for the developed countries and promises the most large-
scale development of RES in Russia, it is necessary to pay attention to development and creation of 
autonomous electro - and heat supplies systems for the consumers, development of the small-scale 
power distributed generation. In this sphere of power installation even today renewables are 
competitive in some cases and can provide positive economic, social and ecological effects. At the 
same time carrying out the stimulating state policy in this area, which formation in Russia for the 
present is in a rudimentary stage, is required. It is obvious that development of the autonomous and 
distributed power in many respects will depend on the will of regional and local authorities, and also 
private business. Readiness of the scientific and design organizations to propose effective technical 
solutions on practical use of RES in various sectors of economy is of great importance also. 
 
By 2030 power consumption growth is expected to be at least by one and a half times in comparison 
with indicators of this year. It is determined by the corrected version of the general scheme of 
placement of power generation facilities according to the long-term forecast of demand for the 
electric power. 
 
It is required to construct not less than a half from existing capacities - about 100 GW.  Considering 
that wear of operating capacities makes more than 60%, the volume of inputs and modernization of 
old capacities needs to be doubled.  
 
If we consider western experience, we will see that the European Union already formulated strategy 
on energy development: by 2020 in each EU country not less than 20% of energy have to be 
produced with use of renewables. The policy of EU is directed on the maximum use of potential of 
these sources. The logic of decision-making is clear: on the one hand, ecological requirements that 
will make alternative power competitive in the nearest future in relation to traditional become 
tougher, on the other hand, the European Union countries seek to diversify power streams and to 
become more independent. 
 
Today in Russia the active preparation for adoption of legal acts on support of renewables 
development is conducted. The logic of development is as follows: it is more economically effective 
to develop renewables near the centers of their consumption. Due to economy on laying of network 
infrastructure (electric and gas networks) quite good parameters of construction cost could be reached 
which are commensurable with all expenses on energy delivery from "big" power. 
 
Taking into account extra charges for electricity generation using renewables, RES projects have to 
be favorable to investors. Transition to renewables will amplify due to the permanent growth of cost 
of energy resources and the electric power. Moreover, in the long term the cost of development of the 
electric power on traditional installations and on RES have to be made even. Mass introduction of 
these technologies promotes their further reduction in cost that gives new opportunities for the 
companies, planning to invest in RES, and the enterprises, planning to reduce power consumption 
due to energy saving actions. 
 
Besides, alternative power engineering demands revision of development policy and network 
infrastructure. First of all it concerns projects in the sphere of introduction of intellectual networks 
(smart grid) on a high class of voltage (ENES) and distributive networks. Such complex development 
of all directions of power will allow to make this process steadier in the future. Any alternative 
finally has to stack in basis of power development in long prospect. 
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3 . Eastern gas program 
 
East regions of Russia, occupying considerable part of the territory of the Russian Federation, are 
characterized by the lowest population density (1,6 people/km2 at the total number of the population of 
the region of 16,4 million people that makes 11% of the total number of the population of Russia). Small 
population and proceeding outflow of the population negatively influence development of economy of 
the region. At the same time Eastern Siberia and the Far East have considerable stocks of valuable 
minerals, including oil and gas which can become a basis for serious economic transformations. 
Besides, in the first half of century industrially developed countries of ATR – Japan, the Republic of 
Korea and China will test growing dependence on imported sources of raw materials, first of all the 
hydrocarbon. In this regard the next decades become the period of the growing competition from China, 
Japan, the Republic of Korea and partly the USA, for the sources of Eastern Siberia and the Far East. 
Complex development of hydrocarbon resources of the region and entry into the energy markets of the 
countries of ATR can be used for fixing of positions of Russia in this strategically important region of 
the world, and the growing demand of fuel and energy resources of east regions of Russia can become 
the powerful tool of foreign policy of the state. 
 
So far developments of energy industry of east regions was based on the coal industry and hydropower. 
Violation of the developed interregional economic relations in the 90th years and growth of level of 
transport tariffs led to chronic energy crises, despite existence of own rich stocks of energy carriers. 
The gas industry in the region yet didn't gain considerable development in spite of the fact that the gas 
capacity of Eastern Siberia and the Far East is formed 30% of the initial gas capacity of Russia. 
Unlike the West Siberian region and the European part of the country where the Uniform system of gas 
supply of Russia works, in the territory of Eastern Siberia and the Far East the gas infrastructure 
practically is absent. 
 
The creation program in Eastern Siberia and the Far East uniform system of production, gas and gas 
supply transportation taking into account possible gas export on the markets of China and other 
countries of ATR was developed according to the order of the Government of the Russian Federation of 
16.07.2002 N 975-p and offers an integrated approach to development of gas resources of Eastern 
Siberia and the Far East according to problems of social and economic development of the region and 
the country as a whole. 

Figure 13 - Scheme of development of resources of Eastern Siberia and Far East Russia (JSC Gazprom 
data) 
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The main goal of the Program is development of optimum option of complex development of gas 
resources of Eastern Siberia and Far East for transformation of these regions into dynamically 
developing areas providing increase of a standard of living and production activity of the population 
living in it. 
 
Need of increase of rates of social and economic development of Eastern Siberia and the Far East, 
improvement of structure of economy of the region due to emergence of new hi-tech productions with a 
high share of a value added demands development in the region of the corresponding power supply 
sources. The gas industry will allow to liquidate chronic energy crises, it can become one of sources of 
economic growth due to ensuring increase of the general technological level of the industry and 
competitiveness of let-out finished goods. 
 
Now there were favorable prerequisites to start formation in east regions of the country of the new 
centers of the gas industry of the all-Russian value and expansion of Uniform system of gas supply to the 
east. Such prerequisites are caused by a considerable gain of stocks of gas in east regions of the country – 
Irkutsk and Sakhalin areas, the Republic of Sakha (Yakutia), Krasnoyarsk Krai. 
 
Gaining opportunities of the region allow to satisfy with guarantee his need for natural gas for the next 
30 years, to provide supply of gas to Uniform system of gas supply of Russia for maintenance of balance 
of production and consumption of gas and to organize export supply of gas to ATR countries. 
 
The program represents a component of the General scheme of development of gas branch (for the 
period till 2030). 
 
The integrated approach offered in the Program provides to the state multiplicative economic effect of 
its realization, as: 

• promotes maintenance of steady gas supply as a whole across Russia according to problems of 
Power strategy of Russia till 2020; 

• creates conditions for economic growth in the region; 
• optimizes gas transmission streams in the region and the country as a whole on terms and 

technical solutions; 
• considers increase in demand for the Russian natural gas in the countries of ATR and allows to 

achieve the conditions of gas export most effective and favorable to the state to foreign buyers; 
• coordinates problems of development of the region to potential effect from implementation of 

perspective international projects. 
 
Implementation of the Program is focused on production efficiency increase in the most important 
branches of economy: mechanical engineering, metallurgy, chemistry and petrochemistry, construction, 
production of construction materials. The program will allow to create in the region essentially new 
industries – gas-chemical, helium and others. 
 
Besides, the Program has a social focus and as one of the priority considers a problem of effective 
gasification of the main industrial centers of Eastern Siberia and the Far East. 
 
The program coordinates prospects of development of the gas industry in the region to energy industry 
development plans in scales of Russia. In particular, the Program determines a role of Eastern Siberia 
and the Far East in maintenance of perspective volumes of gas production by Russia taking into account 
reduction of volumes of gas production predicted in the next 10 years in the main gas regions of Russia. 
Existence of an essential potential demand for the Russian natural gas in the countries of ATR demanded 
the comprehensive accounting of this factor in the Program.  Thus export tasks are considered from the 
point of view of their most effective coordination with plans of economic development of the region and 
the country as a whole.  In this regard the integral component of the Program is the Concept of uniform 
export policy in the field of supply of gas to China and other countries of ATR.  
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The program considers need of improvement of structure of fuel and energy balance of east regions of 
the country and a low current consumption level of gas (the share of gas in structure of consumption of 
fuel and energy resources of the region makes 6%, total use of gas doesn't exceed 4,1 billion m3 a year). 
Thus, in structure of consumption of primary energy resources in the region the share of firm fuel will 
keep a prevailing place and will make not less than 51% by 2020. Such approach will allow to keep a high 
level of development of the coal industry taking into account its important social value for east regions of 
the country. 
 
Consideration of plans of social and economic development of Eastern Siberia and the Far East in 
relation to priorities of development of the gas industry in the east of Russia allowed to formulate in the 
offer Program in the field of regional, tax and price policy which will be used by the state for creation of 
conditions for a sustainable development of gas branch in the region. 
 
The main conclusions drawn in the Program are based on the analysis of a state and prospects of 
development of the internal and external markets of fuel and energy resources, a source of raw materials 
of Eastern Siberia and the Far East, the current economic, political, social, demographic and ecological 
state of these regions and correspond to basic provisions and requirements of energy and economic 
security of Russia. 
	  

3.1 Resource base for the development of the gas industry 
	  
Considerable resources of natural gas, condensate and oil are concentrated on the territory of considered 
regions. Initial total resources of gas of land of Eastern Siberia and the Far East - 52,4 trillion CBM make 
30,0% of NSR of land of Russia. Besides land, the gas potential of a sea shelf - about 15,0 trillion CBM 
that makes 20,3% of resources of a shelf of Russia is very considerable. 
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Table 6 - Distribution of stocks and resources of gas for 2006 on Sibirisky and Far East federal districts 

 
 
 
 
Considerable stocks and perspective resources of natural gas of Eastern Siberia and the Far East allow to 
create the new centers of gas production in this region. Gaining opportunities of these centers are based 
on the available confirmed stocks of unique and large-scale deposits, and also on a gain of stocks due to 
active carrying out prospecting works. 
 
Available experience of development of the gas industry of Russia shows that basic fields with the 
considerable confirmed stocks which development will allow to provide planned levels of production of 
gas on long prospect have to form a basis for reliable supply of gas. Small and small fields on the stocks, 
located in a vicinity of basic fields or along the route of the main gas pipelines, it is necessary to use for 
compensation for the short period of falling of production on basic fields or in some cases as regulators, 
and also for the organization of gas supply and supply of gas to local consumers. 
 
The assessment of gaining opportunities of the region on gas shows that fields of Eastern Siberia and the 
Far East are capable to provide in the long term annual gas production of over 200 billion cubic meters 
that testifies to an increasing role of east regions in balance of gas of the country. 
 
As the basic are considered following gas-condensate (GKM) and oil-gas condensate (NGKM) of a field: 

• fields of hydrocarbons of a sea shelf of the island of Sakhalin (projects "Sakhalin-I — 2" and 
perspective blocks "Sakhalin-3 — 9"); 

• Chayandinsky NGKM (Republic of Sakha (Yakutia)); 
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• Kovykta GKM (Irkutsk region); 
• Sobinsko-Payginsky and Yurubcheno-Tokhomsky NGKM (Krasnoyarsk Krai). 

 
As at the Sobinsky field and adjoining it small on stocks of the Payginsky field the general system of 
preparation of gas is provided, development of the specified fields is supposed to be carried out in 
common. Therefore they are united in one operational object - Sobinsko-Payginsky NGKM. 
 
On the basis of an arrangement of basic fields in east regions of Russia creation of the following 
territorial industrial centers of gas production is provided. 
 

-‐ The Sakhalin center of gas production - on the basis of fields of a shelf zone of the island of 
Sakhalin (projects "Sakhalin-I — 2") with further development of the center due to 
implementation of the projects "Sakhalin-3 — 6". 

-‐ The Yakut center of gas production - on the basis of the Chayandinsky field, development of the 
center contacts development of the next fields - Srednebotuobinsky, Tas-Yuryakhsky, 
Verkhnevilyuchansky and others. 

-‐ The Irkutsk center of gas production - on the basis of the Kovykta field, and also the Southern 
Kovykta license area and fields of the North of the Irkutsk region. 

-‐ The Krasnoyarsk center of gas production - on the basis of Sobinsko-Payginsky and 
Yurubcheno-Tokhomsky fields, further for maintenance of levels of production of gas 
Omorinskoye, Kuyumbinskoye, Agaleevskoye's fields and others can be involved in 
development. 

 
On the basis of an assessment of possible terms of input and maximum levels of gas production from 
fields and perspective objects the option the of gaining on gas of east regions of Russia is developed. 
Gaining opportunities on gas of basic fields and perspective objects of Eastern Siberia and the Far East 
are presented in figure 14. 
 

 
Figure 14 - Gaining opportunities on gas of basic fields and perspective objects of Eastern Siberia and 
the Far East 
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The assessment of gaining opportunities on gas was executed taking into account existence of the 
prepared stocks, terms of carrying out GRR, degree of readiness of separate objects by the beginning of 
the organization of industrial production. Formation of sequence of development of fields and a choice 
of option of the organization of gas supply of regions requires comparison of the complex technical and 
economic indicators considering all aspects of development of gas industry. 
 

3.2 Scenarios of demand for gas in regions of Eastern Siberia and 
the Far East. Distribution and gas use 
	  
Planned development in regions of Eastern Siberia and the Far East federal district of the enterprises of 
the gas industry and the market of gas has to play an essential role in improvement of quality of life of 
the population, increase in revenues of regional budgets and to become one of the factors providing a 
sustainable development of Eastern Siberia and the Far East in the XXI century. 
 
The special role of natural gas for regions of Eastern Siberia and the Far East federal district is connected 
with need of the solution of their economic, power and environmental problems. 
 
Now the gas consumption level in the East Siberian and Far East regions is low. So, the share of gas in 
structure of boiler and oven fuel makes only about 6,0%. Thus in Eastern Siberia the isolated Norilsk 
industrial hub located in the north of Krasnoyarsk Krai is installed gas only, and in the Far East there are 
local networks in the Republic of Sakha (Yakutia), the Sakhalin region and Khabarovsk territory. 
 
At development in regions of Eastern Siberia and the Far East federal district gas branch the population, 
the industry, and also the household enterprises and agricultural production will be priority consumers of 
gas here. 
 
Use of natural gas in technological processes in the industry increases efficiency of existing productions, 
allows to create new highly effective productions (gas-chemical, production of helium, dimethyl air, 
polymers, fertilizers, synthetic fuels, etc.), raises quality and competitiveness of production made in the 
region, reduces its power consumption. 
 
The researches conducted in the course of formation of TEB, showed that natural gas can successfully 
compete with other types of fuel, despite its higher cost in certain regions of Eastern Siberia and the Far 
East. According to the executed estimates natural gas in regions of Eastern Siberia and the Far East 
remains competitive in relation to coal at the price about 1,6 times higher than the price of coal in terms 
of 1 ton of conditional fuel. Thus, gas doesn't force out coal from the market of fuel and energy 
resources. At the same time in ecologically difficult areas gas fuel will have the niche in structure of 
consumption of boiler and oven fuel even if the prices of it will be above coal more than by 1,6 times (in 
terms of ton of conditional fuel). 
 
The directions gas use is defined by receiving the maximum economic and social effect. This effect is 
gained as a result of gas use in the following directions: 

• as raw materials for production with a high value added (dimethyl , production of helium, the 
chemical and agrochemical industry, the "gas in liquid" technologies, etc.); 

• on new and modernized, first of all low-power-intensive types of productions; 
• in warm, power industry - on PGU, mini-combined heat and power plant, in ecologically 

problem areas by replacement of coal fuel with natural gas; 
• in public utilities - for improvement of social conditions of accommodation; 
• as motor fuel for vehicles and agricultural machinery. 
•  
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The forecast of demand for gas is executed for basic, target and intensive options of development of 
economy of east regions taking into account realization of economically expedient potential of energy 
saving and possible development of new gas-effective technologies. 
 
Proceeding from the executed forecast in regions of Eastern Siberia and the Far East demand for gas in 
basic option is estimated of 14,5 and 16,4 billion cubic meters respectively in 2020 and 2030; in target 
option demand for gas in 2020 and 2030 is predicted of 24,3 and 29,75 billion cubic meters; in intensive 
option demand for gas will make in 2020 and 2030 of 37,9 and 43,35 billion cubic meters respectively. 
 
Demand for gas in regions of Eastern Siberia in basic option is estimated of 3,7 and 4,5 billion cubic 
meters in 2020 and 2030 according to; in target option demand for gas in 2020 and 2030 is predicted of 
9,1 and 10,8 billion cubic meters; in intensive option demand for gas will make in 2020 and 2030 of 15,7 
and 17,4 billion cubic meters respectively. 
 
In the Far East federal district in basic option increase in demand for gas from 3,5 billion cubic meters in 
2000 to 10,8 and 11,9 billion cubic meters respectively in 2020 and 2030 is predicted; in target option 
demand for gas in 2020 and 2030 is predicted of 15,2 and 18,95 billion cubic meters; in intensive option 
demand for gas will make in 2020 and 2030 of 22,2 and 25,95 billion cubic meters respectively. 
 
 

3.3 Formation of balances of production and consumption of gas 
of Eastern Siberia and Far East 
	  
Explored reserves and potential resources of gas in Eastern Siberia and in the Far East will provide 
internal and external demand for which satisfaction it is necessary to construct uniform system of gas 
supply in this region. 
Now in the region there are local systems of gas supply.  In the Program preservation of gas supply of 
consumers of the Norilsk industrial hub (Krasnoyarsk Krai), certain areas of the Republic of Sakha 
(Yakutia) and the Kamchatka region is provided.  Gasification of new regions of Eastern Siberia and the 
Far East is considered variosly on the basis of an assessment of additional opportunities of fields.  
Considered scenarios differ by routes of transportation and supply of gas: 
 

• to internal consumers; 
• for export; 
• on gas-chemical complexes; 
• in operating ESG of Russia. 

 
15 options of development of the gas industry of Eastern Siberia and the Far East and respectively 
balances of production and gas consumption on the administrative districts, presented in table 7 are 
developed. 
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Table 7 - Scenarios of development of the gas industry of Eastern Siberia and Far East. 

 
Table 8 - Volumes of production and gas consumption in Eastern Siberia and in the Far East for 2030. 
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In scenarios creation since 2009 of the local gas transmission system for gasification of consumers of 
northern regions of the Irkutsk region of 0,8 billion cubic meters a year by 2030 which source there will 
be fields of the Irkutsk center of gas production with small stocks is provided. 
The scenario "West" with ESG (target) provides gas transportation from fields of the Irkutsk center of 
gas production in two directions: 
 

• to the west of 29,4 billion cubic meters a year (by 2030), where together with gas of fields of the 
South of Krasnoyarsk Krai arriving in the region of N. Flood plains of 18,0 billion cubic meters 
a year, provides consumers of the Irkutsk region (the southern areas) and Krasnoyarsk Krai of 
8,8 billion cubic meters a year, and since 2011 moves to the region of KS of Proskokovo for 
ESG of 10 billion cubic meters a year. Since 2015 the volume of supply of gas in ESG of Russia 
will make 35 billion cubic m/year; 

• - to the east of 9,5 billion cubic meters a year (by 2030) where together with gas of the Yakut 
center of gas production in volume to 20,1 billion cubic meters a year provides consumers of the 
Chita region and the Republic of Buryatia (to 1,2 billion cubic meters a year) both export to 
China and the Republic of Korea since 2012 in volume to 25 billion cubic meters a year, and also 
gas transportation from fields of a shelf of Sakhalin Island to consumers of the Sakhalin region, 
Khabarovsk territory and (since 2010) to consumers of Primorsky Krai and on gas liquefaction 
plant in volume to 27,6 billion cubic meters a year for its further export. 

 
The scenario "West" without ESG - target provides gas production in Krasnoyarsk the gas production 
center in the volumes providing consumers of Krasnoyarsk Krai and technological needs of the gas 
pipeline (to 5,4 billion cubic m/year). Development of the Krasnoyarsk center of gas production in a 
section of all versions of this scenario permanently. 
 
According to this scenario gas of the Irkutsk center of gas production (since 2009) provides consumers 
of the southern regions of the Irkutsk region in volume to 4,4 billion cubic meters a year, consumers of 
the Chita region and the Republic of Buryatia in volume to 1,2 billion cubic meters a year (since 2012) 
and is exported to China and to the Republic of Korea in volume to 25 billion cubic meters a year. 
Production and distribution of the Sakhalin gas in this scenario correspond to the scenario "West" with 
ESG (target). 
 
In the scenario "West-50" the increase in supply of gas at export due to connection to the planned export 
gas pipeline of the gas pipeline from the Yakut center of gas production (since 2018) is provided. 
 
In this scenario gas of the Irkutsk center of gas production provides consumers of the southern regions 
of the Irkutsk region in volume to 4,4 billion cubic meters a year (since 2009), consumers of the Chita 
region and the Republic of Buryatia in volume to 1,2 billion cubic meters a year (since 2012) and is 
exported to China and to the Republic of Korea together with gas of the Yakut center of gas production 
totally in volume to 50 billion cubic meters a year. 
 
Production and distribution of the Sakhalin gas in this scenario correspond to the scenario "West" 
without ESG (target). 
For ensuring demanded volumes of supply of gas according to the scenario "West-50" with ESG (the 
organization of deliveries of 50 billion cubic meters a year for export to the countries of ATR and 35 
billion cubic meters a year in ESG) there aren't enough resources of the Republic of Sakha (Yakutia), 
Irkutsk region and Krasnoyarsk Krai. The scenario "Center" with ESG (target) provides since 2009 with 
gas of the Irkutsk center of gas production of consumers of the southern regions of the Irkutsk region in 
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volume to 4,4 billion cubic meters a year. Since 2010 together with gas of fields of the South of 
Krasnoyarsk Krai arriving in the region of N. Flood plains in volume to 9,4 billion cubic meters a year, 
are provided consumers of Krasnoyarsk Krai in volume to 4,4 billion cubic meters a year. Since 2011 gas 
from two centers of gas production is supplied to the region of KS of Proskokovo in ESG in volume to 
10 billion cubic meters a year with the subsequent its increase to 35 billion cubic m/year in 2015. 
 
Gas of the Yakut center of gas production provides consumers of the Aldan ulus, the Amur region in 
volume to 1,7 billion cubic meters a year and moves for export to China in volume to 15 billion cubic 
meters a year. 
 
Gas of fields of a shelf of Sakhalin Island is supplied to consumers of the Sakhalin region, Khabarovsk 
territory (to 8,1 billion cubic meters a year), since 2008 to liquefaction plant in volume to 27,6 billion 
cubic meters a year with the subsequent its export, since 2010 to consumers of Primorsky Krai in volume 
to 5,1 billion cubic meters a year and since 2012 for export to the Republic of Korea in volume to 10 
billion cubic meters a year. 
 
In the scenario "Center" without ESG (target) gas production in Irkutsk the gas production center in the 
volumes providing consumers of the Irkutsk region and technological needs of gas pipelines (to 5,7 
billion cubic m/year) is provided. 
 
Production and gas distribution from the Krasnoyarsk center of gas production correspond to the 
scenario "West" without ESG (target), and the Yakut and Sakhalin centers of gas production - to the 
scenario "Center" with ESG (target). 
 
The scenario "Center-50" provides increase in supply of gas at export. Gas of the Yakut center of gas 
production is supplied to consumers of the Aldan ulus, the Amur region in volume to 1,7 billion cubic 
meters a year and to export to China in volume to 38 billion cubic meters a year. 
 
Production and gas distribution from the Krasnoyarsk center of gas production correspond to the 
scenario "West" without ESG (target), and the Irkutsk and Sakhalin centers of gas production - to the 
scenario "Center" without ESG (target). 
 
For ensuring demanded volumes of supply of gas according to the scenario "Center-50" with ESG (the 
organization of deliveries of 50 billion cubic meters a year for export to the countries of ATR and 35 
billion cubic meters a year in ESG) isn't enough resources of the Republic of Sakha (Yakutia), Irkutsk 
region and Krasnoyarsk Krai. 
 
In the scenario "East" with ESG (target) production and gas distribution from the Irkutsk and 
Krasnoyarsk centers of gas production corresponds to the scenario "Center" with ESG (target). 
 
In this scenario gas of fields of a shelf of Sakhalin Island is supplied to consumers of the Sakhalin region, 
Khabarovsk territory (in volume to 8,3 billion cubic meters a year), to liquefaction plant in volume to 
27,6 billion cubic meters a year with the subsequent export (since 2008), since 2010 to consumers of 
Primorsky Krai in volume to 5,1 billion cubic meters a year and since 2012 for export to China and to 
the Republic of Korea in volume to 25 billion cubic meters a year. 
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Production and distribution of gas of the Irkutsk and Krasnoyarsk centers of gas production according 
to the scenario "East" without ESG (target) correspond to the scenario "Center" without ESG (target), 
and the Sakhalin center - to the scenario "East" with ESG (target). 
 
The scenario "East-50" provides increase in supply of natural gas at export since 2016 due to connection 
(around Khabarovsk) to the planned export gas pipeline with Sakhalin Island of gas from the Yakut 
center of gas production. 
 
Production and distribution of gas of the Irkutsk and Krasnoyarsk centers of gas production correspond 
to the scenario "Center" without ESG (target), and the Sakhalin center - to the scenario "East" without 
ESG (target). 
 
Scenario "East-50" indicators with ESG can be determined by a scenario "East-50" combination without 
ESG (the organization of deliveries of 50 billion cubic meters a year for export to ATR countries) and 
"East" with ESG (the organization of deliveries of 35 billion cubic meters a year in ESG). 
 
Scenarios with option of intensive internal consumption (gas chemistry development) unlike option with 
target internal consumption provide additional supply of gas on gas-chemical complexes: since 2017 of 
3,0 billion cubic meters a year on GHK in Krasnoyarsk Krai, since 2020 of 7,0 billion cubic meters a year 
on GHK in the Republic of Sakha (Yakutia) and since 2018 of 3,6 billion cubic meters a year on GHK in 
the Irkutsk region. 
 
For satisfaction of requirements of gas chemistry in all scenarios the increase in volumes of gas 
production over what are provided in scenarios with target option, on fields of the Krasnoyarsk, Yakut 
and Irkutsk centers of gas production is provided. 
 
In the scenarios "West" without ESG (intensive), "East" with ESG (intensive), "East" without ESG 
(intensive) since 2020 gas production in Yakutsk the center of gas production at the level of 7,8 billion 
cubic meters a year is provided. 
 
 

3.4 Development scenario of the East-50 Program 
 
For all considered options of internal and external demand the best values of indicators of economic 
efficiency characterize the scenarios "East": "East" without ESG, "East" about ESG, "East-50". The 
most perspective scenario both with economic, and with geopolitical points of view is the East-50. The 
scheme is submitted in figure 15. 
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Figure 15 - Scheme of development of gas resources of Eastern Siberia and Far East (scenario "East-50") 
 
 
Table 8 contains data on balance of production and consumption of gas of Eastern Siberia and the Far 
East 
 
Table 8. Balance of production and consumption of gas of Eastern Siberia and Far East 
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3.5 Eastern gas program today 
 
The effect from implementation of the Program can be observed already today.  With gas arrival the fuel 
balance of power industry of the Far East sharply changed.  In practice it was succeeded to reach 
adequate balance between business interests and the state strategy.  
 
It should be noted that the traditional scheme fuel supply of power industry of the Far East essentially 
didn't differ from existing in the next Siberia or in the European part of the country. The main power 
plants were under construction whenever possible where it was possible to use fossil fuel lying under 
feet. Power sources remote from fields worked at imported raw materials. 
 
In the Far East most often stone or brown coal was such fuel, at its absence it was necessary to deliver 
fuel oil. Some fields became the centers of industrial clusters, for example Neryungrinsky or Luchegorsky 
coalfields. Outside the region the coal scheme in an energy drink in pure form remained only in Eastern 
Siberia with its qualitative coals of Kuznetsk fields and huge lignite stocks of the Kansk and Achinsk 
pool. Western Siberia, the Urals, the European part of the country in Soviet period passed through 
gasification: the majority of power plants passed from local fuel to natural gas, more environmentally 
friendly and convenient for burning. But gas went west because it was the export direction to Europe, 
and gas stocks and routes of foreign deliveries in the Far East weren't developed. 
 
With arrival of gas and the followed rearmament of power facilities the situation cardinally changes. 
Behind an example far it isn't necessary to go - Vladivostok. In the capital of Primorye there were real 
problems, up to population protests several years ago. Now coal use on CHPP-2 is minimized. As 
expected, construction of CHPP Vostochnaya and further modernization of the equipment VTETs-2 
will allow to increase twice profitability of station and by 10 times to reduce impact of objects on 
environment in Vladivostok. 
 
In fact, coal power in Vladivostok doesn't remain at all: boiler rooms are transferred to gas also. 
Reconstruction of the Vladivostok CHPP-1 and heating plant "Northern" were conducted within  
implementation of the subprogram "A development of the city of Vladivostok as center of the 
international cooperation in ATR". 
 
However Primorye - not the only region where the power was installed partially gas recently. Scales 
impress: for any some years the model of generation changed both on Sakhalin, and on Kamchatka, and 
in Khabarovsk territory. Thus all realized projects show surprising administrative coordination between 
suppliers of fuel and energy drinks. In many respects because from both parties - effectively built chains 
of command. On the one hand - "Gazprom", with another - RusHydro group. 
 
Other example is Khabarovsk territory which the first of regions of the Far East finished creation of a 
basic network of gas pipelines. The increase in supply of natural gas at power plants of edge went step by 
step - synchronously with increase in requirements. In 2006-2007 energy drinks installed partially gas the 
Khabarovsk CHPP-1, and in 2008 of DGK, having constructed 245 km of the main and distributive gas 
pipelines, completely transferred to gas two large power sources - the Nikolaev combined heat and 
power plant and the Khabarovsk CHPP-2 which worked before at expensive fuel oil. 
 
In 2012 gasification of power plants of Khabarovsk territory was continued. The fifth boiler unit was 
transferred on the Khabarovsk CHPP-1 (station number No. 16). On the Khabarovsk CHPP-3 one of 
four power units (station number No. 4) was transferred from coal on natural gas. 
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Increase of reliability and efficiency of power supply of consumers in Nikolaevsk - on - Amur and 
Khabarovsk, reduction of influence of power sources by environment became result. 
 
Now JSC ES Vostoka (enters into RusHydro Group) realizes the long-term program for development of 
power industry of Sakhalin. In particular, in 2012 the 5th power unit of the Southern Sakhalin CHPP-1 
was entered into work. The new power facility constructed completely at the expense of means of "RJSC 
ES Vostoka", allowed to leave practically in the past heating season from long restrictions in power 
supply of consumers because of not planned stop of the generating equipment. 
 
Reliability of power supply of inhabitants and the enterprises of Sakhalin considerably will increase with 
implementation of the 4th power unit of the Southern Sakhalin CHPP-1 which will expand a reserve of 
maneuverable generating power of an island power supply system.  
 
Against Sakhalin, Primorye and Khabarovsk territory gasification of the Kamchatka peninsula has the 
features. First, the first three regions receive a resource from fields of the Sakhalin shelf (and in the long 
term will receive one more source - from the Yakut fields). Kamchatka in this plan in itself - to get rid of 
expensive brought in fuel oil which was delivered decades here by sea, the edge could only after mastered 
own fields in the Sobolevsky area. This gas goes only on internal needs - export here isn't planned. But 
economic effect of gasification is enormous - at the expense of a difference in the fuel price only one 
Kamchatka CHPP-1 saves to the budget about 3 billion rubles annually. 
 
Thus, we see that already today implementation of East gas program yields the fruits, however the 
majority of works still only it is necessary to do. 
 

3.6 Advantages of East gas program 
 
Considerable resources of natural gas, condensate and oil are concentrated on the territory of Eastern 
Siberia and the Far East. Available experience of development of the gas industry of Russia shows that 
basic fields with the considerable confirmed stocks which development will allow to provide planned 
levels of production of gas on long prospect have to form a basis for reliable supply of gas. Considerable 
stocks and perspective resources of natural gas of Eastern Siberia and the Far East allow to create the 
large centers of gas production in the region. 
 
In Eastern Siberia and in the Far East there is a perspective domestic market of gas which will extend in 
process of social and economic development of the region. Demand for natural gas in 2010 and 2030 is 
predicted at the level of 10 - 12 and 26 - 28 billion cubic meters respectively. Available own sources of 
gas allow to satisfy completely need of the region during the period till 2030. Considerable potential for 
supply of gas from Eastern Siberia and the Far East in ESG and for export can be at the same time 
created. 
 
Existence as a part of gases of fields of Eastern Siberia and the Far East of considerable stocks of such 
valuable components as helium, ethane, propane, butane, heavy hydrocarbons, allows to create in this 
region large high-tech subsector - gas processing and gas chemistry with the wide nomenclature of 
valuable production. 
As a whole all this will create prerequisites for formation in Eastern Siberia and in the Far East the largest 
gas center in the Pacific Rim that will give a powerful impulse to social and economic development of 
the region. 
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Implementation of the Program will allow: 
• to create conditions for dynamic social and economic development of regions of Eastern Siberia 

and the Far East; 
• to provide advance of Uniform system of gas supply of Russia to the east and steady gas supply 

of the Russian consumers; 
• to carry out gas supply of the main industrial and administrative centers of Eastern Siberia and 

the Far East. Gas use considerably will improve social living conditions of the population, will 
allow to organize a number of new highly effective productions and industries, will increase 
competitiveness of products; 

• to unite and coordinate efforts of the federal center, the regional authorities and subsoil users on 
development of resources of gas of the region. The integrated approach put in the Program will 
allow to optimize future projects on terms, investments and technical solutions, to involve all 
unique gas fields of the region in industrial development; 

• to optimize structure of regional fuel and energy balances without negative influence on the coal 
industry, to exclude local energy crises, to improve an ecological situation; 

• to provide formation of price policy on the basis of market mechanisms and development on 
this basis of the market of gas; 

• to create conditions for long-term development of the gas industry, including development of 
remote fields and fields with difficult conditions of development; 

• to resume large-scale prospecting works on oil and gas for maintenance at rational level of the 
current and perspective requirements of oil and gas extraction industry; 

• to adapt terms of implementation of projects in the field of gas production and gas supply for 
requirements of the internal and external markets. 

 
 

4. Compressor station as an object of power consumption 
 
One of the major technological elements at construction of gas pipelines for realization described above 
the program are compressor stations which is represented by a complex of constructions and the 
equipment for increase of pressure of compression of gas at its production, transportation and storage.  
The technological scheme of KS consists of gas treatment units, compressor shops, installations of air 
cooling of gas. and pulse gases, power supply system and so forth. 
 
In ESG compressor stations of various types determined by their technological appointment are used: 

• • Booster compressor stations; 
• • Delivery compressor stations; 
• • Linear compressor stations; 
• • Compressor stations of underground gas storages; 
• • Compressor stations of stations of cooling of natural gas (SOG) 
• • Shore compressor stations with an increased power of GPA; 
• • Compressor stations of plants of liquefaction of natural gas; 
• • Compressor stations on sea platforms; 
• • Compressor stations for compression of low pressure and associated oil gas; 
• • Mobile compressor installations 



 
	  

	  

37	  

 
Compressor stations on gas and gas-condensate fields provide the demanded pressure in systems of trade 
preparation of natural gas that provides quality of preparation of gas to the main transport, and working 
pressure on head technological sites of the main gas pipelines. Such stations are called as the booster 
compressor stations (BCS). 
 
On oil and gas-condensate fields for preparation of reservoir pressure for the purpose of increase of 
depth of their development the delivery compressor stations (DCS) are used. NKS pump the drained 
natural gas in oil and gas-bearing layers. 
 
The Linear Compressor Stations (LCS) – the compound and integral part of the main gas pipeline 
providing transport of gas. LKS of the main gas pipeline serve for compensation of losses of pressure of 
gas on previous linear sites and are operating elements of the main gas pipelines: operational 
characteristics of these compressor stations define an operating mode of gas pipelines. 
The compressor stations providing pumping natural gas in underground storages during the summer 
period and its compressor selection during the winter period, are called as compressor stations of 
underground gas storages. 
 
The compressor station is complex on structure and functional communications system. Functioning of 
the capital processing equipment of compressor stations of the main gas pipelines (centrifugal 
superchargers) is ensured by their drive, systems of an oil-supply, ventilation, cooling, gas 
communications, all-station systems of power supply and instrumentations and automatic equipment 
(Instrumentation and automated control systems) [12]. Interaction of subsystems causes the general level 
of reliability of compressor station. Reliability of work practically all systems of KS depends on reliability 
of their electric equipment and reliability of power supply of the last. 
 
Figure 16 - Structure of the systems providing technological process of CS with the gas-turbine drive of 
centrifugal superchargers. 
 

 
 

Having rummaged in power supply of electric drives of oil pumps of consolidation, oil pumps of 
greasing, circulation pumps, the units of air cooling (UAC) of oil of turbines, AVO of water can cause 
disorder of difficult technological process of KS, reduction of a resource of superchargers and, as a 
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result, to cause a significant damage. It is also inadmissible and having rummaged in power supply of an 
electric equipment of fire pumps, emergency ventilation, electric receivers of communication devices, 
illumination of producing departments as it is connected with increase of danger to life of people. 
 

4.1 Electro station of own needs 
 
For industrial facilities and settlements (rotational settlements, social and cultural facilities, etc.), being in 
areas of production of natural gas and passing of systems of the main gas pipelines where there are no 
systems of power supply of RAO UES of Russia, and natural and climatic conditions are characterized as 
very heavy, development of special technical solutions in the field of the power supply, providing their 
working capacity and survivability even in extreme situations is necessary. As a rule, such objects have 
rather small capacities and at construction of traditional powerful combined heat and power plants in 
these conditions there is a number of specific problems of technical and economic property. 
 
Alternative and rather reliable solution in these conditions is creation of local systems of power supply 
with the minimum length of departing power lines from the mobile block and superblock power plants 
equipped with electrical units with the piston or gas-turbine drive, the loadings located in the center. 
Besides, already today many countries use alternative energy sources for power supply of compressor 
stations. 
 
One of features of objects of autonomous power is that they not always are commercial projects as treat 
auxiliary production.  
 
Auxiliary productions, as a rule, don't realize production on the party, they serve requirements of the 
main production. The main production is interested in receiving production from auxiliary at minimum 
prices. Proceeding from it efficiency of power plants of own needs is offered to be counted by 
comparison of expenses for electric power purchase on the party with costs of its own production. 
 
Considering service conditions, the autonomous power plant has to provide: 

• • reliable power supply (survivability) in extreme conditions of polar night; 
• • high extent of automation; 
• • simplicity of service and the conveniences providing carrying out repair; 
• • minimum weight. 

 
Electrical units have to be in superblock (container, modular) execution of the maximum factory 
readiness and to demand the minimum installation and construction works at their installation. 
Besides, the power plant has to provide: 

• • possibility of expansion in cases of growth of a power consumption; 
• • work, as on diesel, and local fuel (natural gas); 
• •  to meet the requirements of flexibility of operating modes and to provide opportunity (in need 

of) power transfer on the next object on intersystem communications.  
The design of the base has to consider specifics of work of power plants and soil conditions of 
permafrost. 
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At power plants it is necessary to provide possibility of development of thermal energy that will increase 
reliability of a heat supply and the general efficiency. power plants. 
 
The main consumers of electric energy on CS MG with the gas-turbine drive are auxiliary mechanisms of 
gas-turbine units, pump and ventilating installations, control systems, alarm systems and the main 
communication, devices of air cooling of gas, and also lighting fixtures of shops. In case CS MG includes 
shops with electrodriving GPA, they are the main to consumers of electric energy. Additional consumers 
of the electric power on KS is a power equipment and illuminants of repair and operational blocks, the 
pump equipment of external water supply and the sewerage, auxiliary buildings on industrial platforms of 
CS, inhabited settlements, and also consumers of surrounding CS of the area, etc. 
 
Power of the main consumers of the electric power of the standard CS equipped with GGPA, makes 600 
÷ 700 kW on 30 ÷ 40 thousand kW of rated capacity of gas-turbine units. The general power of 
electroconsumers of standard KS MG with the gas-turbine drive fluctuates ranging from 1500 to 4000 
kW, and the total power of KS electroreceivers which part EGPA are, can exceed this level considerably. 
It is necessary to develop a technique of economic comparison of schemes of power supply for a choice 
of the optimum scheme of power supply of under construction and reconstructed CS with definition of 
type, single power and number of the electrical units established on ESN, and also system of the criteria 
defining economically reasonable transition from one scheme of power supply of CS to another. 
 
We will consider possible versions of schemes of system of power supply of CS MG: 

• • the first scheme of system of power supply includes two independent inputs from an external 
power supply system (high voltage line). As emergency sources gas-diesel generators (GDG) and 
the storage batteries (SB) are used; 

• • the second scheme of system of power supply includes one independent input from an 
external power supply system. As the second independent source ESN is used, emergency 
sources are gas-diesel generators and storage batteries. The main (basic) source of power supply 
is the external source – the high voltage line, reserve – ESN; 

• • the third scheme of system of power supply includes one independent input from an external 
power supply system. As the second independent source ESN is used, emergency sources are 
gas-diesel generators and storage batteries. The main source of power supply is ESN, reserve - 
an external source – the high voltage line; 

• • the fourth scheme of system of power supply includes one independent input from an external 
power supply system.  As the second independent source ESN is used, emergency sources are 
gas-diesel generators and storage batteries.  The external source of power supply and ESN work 
in a parallel.  Thus the power of ESN is selected in such a way that it works at a nominal mode.  
In case of routine inspections, repairs or an emergency exit out of operation ESN electrical 
units, loading system of AVR is redistributed between an external source and ESN or power 
supply of KS is transferred to food only from external system.  By expert estimates work of an 
external source (high voltage line) and ESN in a parallel gives very high economic rates as in this 
case need to have reserve electrical units disappears.  

• • the fifth scheme of system of power supply includes only ESN without communication with 
an external power supply system (high voltage line). As emergency sources gas-diesel generators 
and storage batteries are used. 

 
In figure 16 all 5 schemes of placement are presented: 
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1.  

 

2.  

 

3.  

 

4.  
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5.  

 
 
 

5. Use of PV panels and wind generators at implementation of 
East gas program 
 
Implementation of East Gas Program will take place in the southern regions of Russia with high level of 
insolation that will allow to use PV-panels  for electricity generation. Besides, in some areas rather high 
average annual values of speed of a wind are observed that, in turn, will give the chance to install wind 
turbines which will work together with PV panels for uninterrupted providing power plant of own needs 
at compressor station. 
 
Important is also that fact that the lands located in remote east regions of Russia aren't occupied almost, 
so the territories necessary for construction of power hubs, can be easily equipped for implementation of 
the similar project. 
 
We will dwell upon an assessment of potential of solar and wind power in Russia as a whole and in the 
Far East in particular.  
 
It would be desirable to note that the popular belief on the fact that in Russia isn't present an 
environment for development of solar power because of small quantity of sunny days in a year, isn't true. 
From the point of view of the natural potential and a resource of solar insolation (level of the solar 
energy falling on 1 sq.m of a terrestrial surface), part of territories of Russia corresponds to those 
countries where the solar power develops rough rates (Germany, Italy, Spain). The southern territories of 
our country, regions of Transbaikalia and the Far East, possess high potential of the solar power, capable 
to provide to Russia leading positions in world branch of VIE and at the same time to solve the current 
problems of power supply of the remote and isolated territories. 
 
Solar radiation depends, mainly, on place width, i.e., on the equator it accepts the greatest size decreasing 
to poles. Russia is located between 41 and 82 degrees of a northern latitude, and levels of solar radiation 
in its territory significantly vary. By the Russian estimates, solar radiation in the remote northern areas 
makes 810 kW-hours/sq.m a year whereas in the southern areas it exceeds 1400 kW-hours/sq.m a year. 
Levels of solar radiation show also big seasonal fluctuations. For example, at the width of 55 degrees 
solar radiation makes in January 1,69 kW-hours/sq.m a day, and in July - 11,41 kW-hours/sq.m a day. 
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According to Institute of power strategy, the theoretical potential of solar power in Russia makes more 
than 2300 billion t of conditional fuel" that makes 18,72.109 GWh/year. 
In figure 17 distribution of levels of insolation on zones in the territory of the Russian Federation is 
presented: 
 
 
In figure 17 distribution of levels of insolation on zones in the territory of the Russian Federation is 
presented: 
 

Figure 17 - Insolation level on zones in the territory of the Russian Federation 
 
 
As we see, the greatest interest is represented by southern regions of the Far East where the level of an 
insolation reaches 5 and more kW of h/sq.m day. 
 
Technical potential of wind energy of Russia is estimated at 50 000 billion kW ·  h/year.  Economic 
potential makes about 260 billion kW ·  h/year, that is about 30 percent of electricity generation by all 
power plants of Russia [32].  
 
Power wind zones in Russia are located, generally on the coast and the islands of the Arctic Ocean from 
the Kola Peninsula to Kamchatka, in regions of the Bottom and Central Volga and Don, the coast of the 
Caspian, Okhotsky, Barents, Baltic, Black and Azov seas. Separate wind zones are located in Karelia, in 
Altai, in Tuva, on Baikal. In figure 18 the distribution map is submitted to wind speed in the territory of 
the Russian Federation.  
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Figure 18 – Annual wind distribution map on the territory of Russia 
 
Thus, we see that despite the small average speed of a wind in the southern part of the Far East, there are 
regions (Baikal, Sakhalin, coast of the Sea of Okhotsk) the extremely favorable for use of wind turbines. 
 

6. Technological calculation of solar photo-electric elements and 
wind power installations at compressor station 
 
As JSC Gazprom does not publish data on capacities of compressor stations of East gas program, for 
calculations we will accept the average rated capacity of 60 MW. 
 
As a rule, for power plant of own needs about 10% of KS rated capacity are used. It means that on the 
average we will need 6 MW-h or 52560 MW-h / year. 
 
The most suitable for installation of power hubs is Primorsky Krai as insolation is in this region at the 
level of 5 kW of h/sq.m day, and the speed of a wind is on the average equal 12 m/s in coastal zones. 
Indisputable advantage of an arrangement in this region of solar panels and wind generators is existence 
free, to nobody the necessary lands therefore in calculations of expense for rent of the territory aren't 
considered. 
 
 

6.1 Use of PV panels for electricity generation on CS 
 
For a start we will define, what amount of  earth is required for installation of solar panels. It is necessary 
to consider also at calculations various efficiency of panels. We will use the following formula: 

S =
AКС
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where: AKS – the Work demanded by CS in a year (MW-h); 
Aks=Wks24x365=6x24x365=52560 MW-h/year 
WKC-power consumed by ESN by compressor installation, MW; 
 
S – the demanded area for installation of photovoltaic converters and the additional equipment (one 
million m ²); 
r – capacity solar panel; 
H=i(day)·365 – average annual level of insolation on the inclined panels, a shading isn't considered (W-
h/m ²); 
PR - productivity coefficient, fluctuates from 0,5 – 0,9, in our case we take value equal 0,8; 
kS – Coefficient that considers distance between photovoltaic converters and use of the earth for various 
installations, besides photovoltaic converters, kS≈2. 
 
Then, knowing the necessary number of the earth and having dependence of specific cost of 
photovoltaic installation on its efficiency, we find the cost of installations on a formula: 

C!" =
S ∙ C!",
k!

∙ k!"                                                                                         2  

 
Where Cpv, $/m2 – the conditional specific cost of one square meter of the photovoltaic converter 
determined by expression: 
 

C!" = 23,08 ∙ x − 193,5                                                                        (3) 
 
x –  capacity the conditional (average) panel, in %. 
Kpv – coefficient that considers cost of other equipment besides photovoltaic converters for a solar 
power station, received from the table Kpv≈1,5. 
  
As it was already noted above, the earth in these areas is possible therefore at implementation of the 
similar project it is quite possible to count on gratuitous granting by the state of the necessary land plot. 
Therefore initial investments will be equal: 
 

!"#$% = !!"                                                                                                             (4) 
 
Having aggregated all data, we receive the following table of dependence of efficiency, the area of 
territories, the specific cost of PV panels and capital expenditure: 
 
 
Table 8. Dependence of efficiency, area of territories, specific cost of PV panels and capital expenditure 

Panel 

efficiency, % 

Necessary 

square mln. M2 

Specific cost of PV, 

$/m2 

Capital expenditure, 

million rub 

10 0,72 37,30 604,26 

11 0,65 60,38 889,23 

12 0,60 83,46 1126,71 

13 0,55 106,54 1327,65 
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Certainly, from the point of view of capital expenditure, the most optimum is use of panels with the 
smallest efficiency (10%).  However today in the market such products already aren't presented almost 
therefore for further calculations we take PV panels with efficiency of 12%.  
Further we will define what income from the electric power will be when using solar panels on ESN for 
1 year: 
 

C!"# =
АКС ∙ C $

!"#
1000
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Where Cinc - the income from the electric power in a year, one million rub; 
C($/kWh) - cost 1 kWh for the enterprises, rub / kWh; C($/kWh) ≈4,5 rub / kWh 
 
Cinc=236,52 mil.rub./year 
 
However this value it isn't enough to define, the project on installation of solar panels for power plants 
of own needs will be how effective from the economic point of view. For further calculations the special 
program written to Excel in which such indicators as a discounting rate, level of operational and 
operational expenses, growth of a tariff for the electric power, a tax on, income,  the depreciation term, 
initial investments are considered was used. 
For initial calculations we will take the following values: 

• operating expenses (OPEX) - 5%,  
• annual growth of operational expenses - 3%, 
• discounting rate - 13%,  
• profit tax - 20%, 
• initial investments for the PV panel with efficiency of 12% - 1126,71 million rubles, 
• depreciation term – 25 years, 
• revenue for the first year – 236,5 million rubles. 

 
 
Table 9. Basic data for calculation 

14 0,51 129,62 1499,89 

15 0,48 152,70 1649,16 

16 0,45 175,78 1779,77 

17 0,42 198,86 1895,02 

18 0,40 221,94 1997,46 

19 0,38 245,02 2089,12 

20 0,36 268,10 2171,61 

Annual 
OPEX 

Annual 
growth of 

operational 
costs 

Dicounted 
rate 

Electricit
y tariff 
growth 

Income 
tax 

Capital 
investment
s, mil.rub. 

Deprecia
tion term 

Revenue 
for the 1st 

year, 
mil.rub. 

5,00% 3,00% 13,00% 4,00% 20,00% 1126,71 25 236,50 



 
	  

	  

46	  

As a result we get the following indicators: 
 
Table 10. Results of economic calculation 

 
 
 
As we see, with such basic data the project will pay off a little more, than in 10 years, thus the pure 
discounted current of payments will be at the level of 566 million rubles. As a whole, considering high 
inflation (in comparison with the West) that affects a discounting rate, and rather low prices of electricity, 
it is possible to speak about possibility of implementation of the similar project in the territory of Russia. 
However it is possible to obtain much more interesting data, having carried out the sensitivity analysis. 
 
First of all, to the most important and inconsistent indicators the discounting rate (the interest rate used 
for recalculation of future flows of the income in uniform size of the current cost) is. It should be noted 
that for each project the rate of discounting can pay off differently, however unconditional components 
are the rate of inflation and cost of an alternative investment of money. We will analyse as the main 
indicators will change at reduction and increase in a rate of discounting. 
 
 
Table 11. Dependence of economic indicators of the project on a discounting rate 
 

 

Discount

ed rate 

Discounted 

revenue, 

mil.rub 

Discounted 

EBITDA, 

mil.rub. 

Discounted 

net profit, 

mil.rub. 

Discount

ed cash 

flow. 

mil.rub. 

NPV, 

mil.rub. 

Payback 

period, 

years 

PI 

5% 5283,6 4154,7 2790,2 3457,2 2330,5 7,6 3,1 

7% 4292,0 3366,4 2243,5 2805,5 1678,8 8,1 2,5 

9% 3561,8 2786,9 1843,5 2326,0 1199,3 8,7 2,1 

11% 3014,3 2353,1 1545,5 1966,8 840,1 9,5 1,7 

13% 2596,5 2022,7 1319,5 1692,8 566,1 10,6 1,5 

15% 2272,3 1766,7 1145,4 1480,4 353,7 12,0 1,3 

17% 2016,5 1565,1 1008,9 1312,9 186,2 14,3 1,2 

19% 1811,6 1403,9 900,3 1178,9 52,2 19,1 1,0 

 

Discount
ed 

revenue, 
mil.rub 

Discounted 
EBITDA, 
mil.rub. 

Discounted 
net profit, 
mil.rub. 

Discounted 
cash flow. 
mil.rub. 

NPV, 
mil.rub. 

Payback 
period, years PI 

2 596,53 2 022,72 1 319,54 1 692,84 566,13 10,59 1,50 
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Figure 19 - Dependence of the NPV project, the discounted net profit and proceeds from a discounting 
rate. 
 
 
As we see, at low rates of discounting initial investments pay off less, than in 8 years. At the same time, at 
high rates of a rate of discounting the similar project becomes almost unprofitable. 
Further we will look how growth of tariffs for the electric power will be reflected in indicators of 
economic appeal of the project: 
 
 
Table 12 - Dependence of economic indicators of the project on growth of tariffs for the electric power 

 
 
 
 
 
 
 
 
 

 
Electricit
y tariffs 
growh 

Discounted 
revenue, 
mil.rub 

Discounted 
EBITDA, 
mil.rub. 

Discounted 
net profit, 
mil.rub. 

Discounted 
cash flow. 
mil.rub. 

NPV, 
mil.rub. 

Payba
ck 
period, 
years 

PI 

2% 2241,8 1667,9 1035,7 1409,0 282,3 12,8 1,3 

4% 2596,5 2022,7 1319,5 1692,8 566,1 10,6 1,5 

6% 3046,0 2472,2 1679,1 2052,4 925,7 9,3 1,8 

8% 3620,8 3047,0 2138,9 2512,2 1385,5 8,4 2,2 
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Figure 20 - Dependence of the NPV project, the discounted net profit and proceeds from electricity 
tariff. 
 
The obtained data shows that changes in growth of tariffs for the electric power can lead to double 
increase in profit and reduction of a payback period of the project till 8,4 years (calculation is made 
taking into account a discount rate of 13%). 
At calculation of investment appeal of any project it is necessary to consider tax assignments. Today in 
Russia the rate makes 20% from which 2% of the sum of the accrued profit tax of the organizations go 
to the Federal budget, and 18% are transferred into local budgets of the Russian Federation. In the tax 
code certain eases for some categories of taxpayers therefore the part of contributions to local budgets 
can be reduced by local self-government institutions are provided. 
 
 
Table 13 - Dependence of economic indicators of the project on a income tax 
 

 
 

 
 

 
 
Incom
e tax 

Discounted 
revenue, 
mil.rub 

Discounted 
EBITDA, 
mil.rub. 

Discounted 
net profit, 
mil.rub. 

Discounted 
cash flow. 
mil.rub. 

NPV, 
mil.ru
b. 

Paybac
k 
period, 
years 

PI 

10% 2596,5 2022,7 1484,5 1857,8 731,1 9,2 1,6 

15% 2596,5 2022,7 1402,0 1775,3 648,6 9,9 1,6 

20% 2596,5 2022,7 1319,5 1692,8 566,1 10,6 1,5 

25% 2596,5 2022,7 1237,1 1610,4 483,7 11,4 1,4 
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Figure 21 - Dependence of the NPV project, the discounted net profit and proceeds from 
income tax 

 
The carried-out analysis of sensitivity shows that the project on installation of PV panels for electricity 
generation for power plant of own needs at compressor station is favorable even at high rates of a rate of 
discounting, a profit tax and low prices of electricity. Under optimum conditions and the help from the 
state the similar project can pay off within 6 years therefore investments into energy saving technologies 
according to standards of JSC Gazprom are economically expedient. 

 

6.2 Use of wind installations for electricity generation on CS 
 
On the majority of territories through which will pass the Force of Siberia gas pipeline, winds with a 
speed of wind about 4-5 m/s prevail. At such indicators use of wind generators is inexpedient. However 
in coastal zones (in particular, in Primorsky Krai and on Sakhalin) winds can reach values in 10-12 m/s 
that allows us to consider wind turbines as a power source for power plant of own needs at compressor 
station. 
 
It should be noted that we initially considered option of placement of wind power plant only in a coastal 
zone, respectively the model of the vertical wind generator was picked up for this scheme of placement. 
For technological calculation we take the same basic data (6 MWh or 52560 MWh / year – energy 
consumption ESN). Also we will need the following data for calculation: 
 

• Average speed of a wind – 12 m/s; 
• Diameter of a wind wheel – 126 m; 
• The rate uses of rated capacity of the wind generator – 0,5; 
• Air density – 1,225 kg/m3; 
• Rate uses of energy of a wind stream – 0,45; 
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• Total efficiency of mechanical and electric elements of a power path of VEU – 0,9; 
 
First of all, we need to calculate the power of wind power installation at the set parameters of speed of a 
wind and diameter of a wind wheel: 

РВЭУ=
1
2 ∙
1
4 ∙3,14∙D

2∙CP∙ρ∙V3∙ ηмех∙ηэл                                                                 (6)  

 
where D – diameter of a wind wheel; 

"C" _ "P" – rate of use of energy of a wind stream; 
"ρ" – air density; 
V – wind speed.  

 
The number of wind turbines which is necessary for compensation of power consumption of the chosen 
object, is determined by a ratio: 

Nwind  turbines=
PESN
РWIND

                                                                                                                                  (7) 

 
Initial investments into construction of a wind farm (CAPEX) are determined by a ratio: 
 

CAPEX=λ∙  СВЭУ∙Nwind  turbines                                                                                                              (8)  
 

where λ - the cost of expenses for logistics, engineering maintenance, installation and construction 
works, etc., defined as percent from the cost of the bought equipment (≈10-15%); 
 
The cost of the wind generator depends, first of all, on diameter of the wind wheel and coefficient , 
including features of the country and the manufacturing company: 

СВЭУ=k2∙D                                                                                                                                                                  (9)  
 
Today in the market of wind power installations a large number of producers is presented. One of 
leaders of the market of wind generators is the Danish company Vestas (the oldest of modern producers 
of VEU). Having analysed production released by this company, the decision to stop on the V126-
3.3MW model (diameter of a rotor of 126 m, the power of 3.3 mWt) [17], developed specially for use in 
coastal zones was made. Dependence of the generated power on the speed of a wind is presented in 
figure 22. 
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Figure 22 – Dependence of generated power from wind speed 
 
As we see, this model of the wind generator comes to peak power in 3,3 MWt just at a speed of wind of 
11-12 m/s a second therefore its use in our case will be most effective. 
 
Catalog V126-3.3MW the price in terms of Russian rubles makes 172,71 million rub for one VEU. 
To define the revenue, VEU received work in a year, we will use the following formula: 
 

В=Nwind  turbines  ∙РВЭУ∙8760∙kзагр∙Сэл-‐эн                                                                  (10) 
 
For further calculation the same program in Excel was used. Basic data for calculations look as follows: 

• operating expenses (OPEX) - 10%,  
• annual growth of operational expenses - 3%, 
• discounting rate - 13%,  
• profit tax - 20%, 
• initial investments – 379,96 million rubles, 
• depreciation term – 25 years, 
• revenue for the first year – 130,09 million rubles. 

 
 
 
Table 14 - Basic data for calculation 

 
 
Having substituted basic data, we receive the following results: 

Annual 
OPEX 

Annual 
growth of 

operational 
costs 

Dicounted 
rate 

Electricit
y tariff 
growth 

Income 
tax 

Capital 
investment
s, mil.rub. 

Deprecia
tion term 

Revenue 
for the 1st 

year, 
mil.rub. 

10,00% 3,00% 13,00% 4,00% 20,00% 379,96 25 130,09 
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Table 15 - Results of economic calculation 

 
 
The carried-out analysis shows that the project on installation of wind generators for power plant of own 
needs pays off in 6 years, thus the net specified value will make 478 million rubles. By analogy to 
calculations made for PV panels, we will make the analysis of sensitivity of this project. 
First of all, we will look as change of a rate of discounting will influence calculation of the main 
economic indicators: 
 
Table 16 - Dependence of the main economic indicators on a discounting rate 

 
 
 
 
 
 
 
 
 

 

Discount
ed rate 

Discounted 
revenue, mil.rub 

Discounted 
EBITDA, 
mil.rub. 

Discounted 
net profit, 
mil.rub. 

Discounted 
cash flow. 
mil.rub. 

NPV, 
mil.rub
. 

Paybac
k 
period, 
years 

PI 

5% 2906,2 2144,8 1535,9 1760,8 1380,9 5,0 4,6 

7% 2360,8 1736,5 1237,6 1427,1 1047,1 5,2 3,8 

9% 1959,2 1436,5 1019,0 1181,7 801,8 5,5 3,1 

11% 1658,0 1212,1 856,0 998,1 618,1 5,7 2,6 

13% 1428,2 1041,2 732,3 858,1 478,2 6,0 2,3 

15% 1249,9 908,9 636,7 749,7 369,7 6,3 2,0 

17% 1109,2 804,7 561,8 664,3 284,3 6,7 1,7 

19% 996,5 721,5 502,0 596,0 216,0 7,2 1,6 

Discount
ed 

revenue, 
mil.rub 

Discounted 
EBITDA, 
mil.rub. 

Discounted 
net profit, 
mil.rub. 

Discounted 
cash flow. 
mil.rub. 

NPV, 
mil.rub. 

Payback 
period, years PI 

1 428,21 1 041,20 732,25 858,14 478,18 6,00 2,26 
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Figure 23 - Dependence of the NPV project, the discounted net profit and proceeds from a discounting 
rate 
 
 
It can be seen from the table that the discounting rate slightly changes a project payback period, and even 
at very high values of a rate of discounting of investments into installation of wind generators pay off a 
little more, than in 7 years. 
 
Further we will analyse how growth of tariffs for the electric power will affect economic appeal of the 
project: 
 
Table 17 - Dependence of the main economic indicators on growth of tariffs for the electric power 

 
 
 
 
 
 
 
 
 

 

Electricit
y tariffs 
growth 

Discounted 
revenue, 
mil.rub 

Discounted 
EBITDA, 
mil.rub. 

Discounted 
net profit, 
mil.rub. 

Discounted 
cash flow. 
mil.rub. 

NPV, 
mil.ru
b. 

Paybac
k 
period, 
years 

PI 

2% 1233,1 846,1 576,1 702,0 322,1 6,5 1,8 

4% 1428,2 1041,2 732,3 858,1 478,2 6,0 2,3 

6% 1675,4 1288,4 930,0 1055,9 676,0 5,6 2,8 

8% 1991,6 1604,6 1182,9 1308,8 928,9 5,3 3,4 
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Figure 24 - Dependence of the NPV project, the discounted net profit and proceeds from electricity 
tariff 
 
 
Besides we see that changes of tariffs for the electric power will only slightly affect a project payback 
period. 
 
 Also we will consider how changes of tax contributions to the budget will affect the main economic 
indicators: 
 
Table 18 - Dependence of the main economic indicators on a profit tax 

 
 
 
 
 
 
 
 
 

 

Incom
e tax 

Discounted 
revenue, 
mil.rub 

Discounted 
EBITDA, 
mil.rub. 

Discounted 
net profit, 
mil.rub. 

Discounted 
cash flow. 
mil.rub. 

NPV, 
mil.ru
b. 

Payback 
period, 
years 

PI 

10% 1428,2 1041,2 823,8 949,7 569,7 5,3 2,5 

15% 1428,2 1041,2 778,0 903,9 523,9 5,6 2,4 

20% 1428,2 1041,2 732,3 858,1 478,2 6,0 2,3 

25% 1428,2 1041,2 686,5 812,4 432,4 6,4 2,1 
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Figure 25 - Dependence of the NPV project, the discounted net profit and proceeds from income tax 
 
 
The carried-out analysis of sensitivity shows that changes in a discounting rate, growth of tariffs for the 
electric power and tax assignments slightly influence a project payback period. Almost at any values of 
these indicators of investments into the project are represented economically expedient. Under optimum 
conditions and the help from the state (for example, application of "A green tariff") can be counted on 
payback of the project within 4-5 years that dispels all myths about unprofitability of use of alternative 
energy sources. 
 
 

6.3 Use of power hubs for electricity generation on CS 
 
The power hub means use of several types of alternative energy sources for electricity and/or heat (cold) 
generation.  In our case the combination of technologies the PV-panels and wind power installations is 
represented to the most expedient.  In the territory adjacent to compressor station, installation as PV 
panels, and wind generators which, working together is supposed, will be able to provide power plant of 
own needs with the electric power without failures and breaks 24 hours per day.  
 
As a rule, solar power stations and wind power plants are in addition completed with diesel generators 
(or other power sources) as PV panels can't generate electricity at night and in cloudy weather, and wind 
generators are extremely inefficient at small speeds of a wind. Simultaneous use of two technologies will 
allow us to avoid the additional expenditure connected with installation of substation, and in fact will 
give the constant power source working at the expense of solar radiation (the wind also is a consequence 
of influence of sunlight on our planet). 
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Figure 25 - Hybrid (wind and solar) power plant in Germany 
 
Besides, it should be noted convenience of placement of PV panels and wind generators in one territory.  
Installation of wind generators is possible directly in the middle of ranks the PV-panels, and the only 
insignificant shortcoming is the shading of a small site of panels (losses will make only 1-2%) [19], 
however initial expense will be less at the expense of smaller the infrastractual of expenses (there is no 
need to stretch network as in a case with diesel power plant).  
The scheme of hybrid installation is rather simple and includes the controller, the device protecting from 
overloads, batteries and the inverter [20] 
 
 

Figure 26 - Hybrid scheme of installation of the wind generator and PV panel 
 
Technological calculation was made proceeding from annual requirement of ESN in 52560 MWh / year 
of the electric power. And distribution of the generated power was decided to take in the ratio 50/50. 
Thus, each of subsystems has to make 3 MWh or 26280 MWh/ year. 
 Basic data for PV panels look as follows: 
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• •  operating expenses (OPEX) - 5%,  
• • annual growth of operational expenses - 3%, 
• •  discounting rate - 13%,  
• • profit tax - 20%, 
• • initial investments for the PV panel with efficiency of 12% - 563,36 million rubles, 
• • depreciation term – 25 years, 
• • revenue for the first year – 118,26 million rubles. 

 
For wind turbines similar indicators will look as follows: 

• •  operating expenses (OPEX) - 10%,  
• • annual growth of operational expenses - 3%, 
• •  discounting rate - 13%,  
• • profit tax - 20%, 
• • initial investments – 189,98 million rubles, 
• • depreciation term – 25 years, 
• • revenue for the first year – 65,04 million rubles. 

Thus, summarizing all basic data, we receive the following table (OPEX was taken of 7% as an average 
indicator for two types of power plants): 
 
Table 19 - Initial data for calculation 

 
Through the program in Excel we make calculation and we receive the following indicators of economic 
appeal of the project: 
 
Table 20 - Results of economic calculation 

 
 
The obtained data shows that in Russia the similar project on installation of the power hub which is 
turning on PV panels and wind generators, pays off less, than in 10 years that is, certainly, very good 
indicator.  
As it is hard to calculate exact value of a rate of discounting, the analysis of sensitivity considering this 
indicator was in addition carried out. 
 
 

Annual 
OPEX 

Annual 
growth of 

operational 
costs 

Dicounted 
rate 

Electricit
y tariff 
growth 

Income 
tax 

Capital 
investment
s, mil.rub. 

Deprecia
tion term 

Revenue 
for the 1st 

year, 
mil.rub. 

7,00% 3,00% 13,00% 4,00% 20,00% 753,34 25 183,30 

Discount
ed 

revenue, 
mil.rub 

Discounted 
EBITDA, 
mil.rub. 

Discounted 
net profit, 
mil.rub. 

Discounted 
cash flow. 
mil.rub. 

NPV, 
mil.rub. 

Payback 
period, years PI 

1 428,21 1 041,20 732,25 858,14 478,18 6,00 2,26 
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Table 21 - Dependence of the main economic indicators on a discounting rate 

 
 
 
As we see, even at the highest rates of discounting the project remains attractive to potential investors.  
Separately It should be noted that this figure doesn't consider the additional help from the state. For 
example, in Europe and America the state actively co-finances similar projects, proving that the interest 
in development of alternative power engineering. In EU the state directly subsidizes production with use 
of alternative energy sources of each kilowatt-hour, besides, the generation companies are subsidized 
throughout the period of payback of the project. In the USA other measures of stimulation including tax 
privileges and the investment credits are applied. Also more, than in 60 countries, already mentioned 
Green tariff (A tariff for connection) [20] — the economic and political mechanism intended for 
attraction of investments into technologies of use of renewables works. At the heart of this mechanism 
three major factors lie: guarantee of connection to a network; the long-term contract on purchase of all 
made renewable electric power; extra charge to the cost of the made electric power. These measures 
allow to increase economic appeal of similar projects, attracting with that additional investments and 
increasing a share of RES in the general world production of energy. 
 
In the conclusion it would be desirable to emphasize once again that today one of the most perspective 
directions of energy saving is alternative power engineering. Concern of the world community in 
questions of generation of the electric power at the expense of a wind and the sun led to repeated 
increase in rated capacities the PV-panels and wind generators worldwide. Every year more and more 
obvious there is an inevitability of power shift in favor of renewables as stocks of hydrocarbonic raw 
materials slowly but surely run low, the ecological situation on a planet continues to worsen, and the 
difficult geopolitical situation of many countries on the world scene forces the governments to invest in 
VIE for the sake of decrease in volatility from other countries. 
 
As a result already today about 20% (including hydropower) the electric power are made with use of 
alternative energy sources, however by 2030, according to forecasts of the most authoritative power 
agencies, nearly a third of world production of the electric power will is the share of renewables [25]. 
 
The separate place among technologies of alternative power engineering is taken by PV-panels solar 
panels and wind power installations. In recent years growth of generated energy at the expense of these 
renewable sources increased repeatedly. For 2013 rated capacities of PV panels and wind generators 
made more than 145 GW and 295 GW respectively. 
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net profit, 
mil.rub. 

Discounted 
cash flow. 
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NPV, 
mil.ru
b. 
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k 
period, 
years 

PI 

13% 2012,5 1475,3 980,6 1230,2 476,8 9,4 1,6 

15% 1761,1 1287,9 851,1 1075,1 321,8 10,4 1,4 

17% 1562,9 1140,4 749,7 953,0 199,6 11,9 1,3 

19% 1404,1 1022,5 669,0 855,3 101,9 14,2 1,1 
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Almost all countries of the West actively invest in development of RES, the governments willingly adapt 
the legislation that, finally, leads to fantastic results. For example, in Denmark the fourth part of need of 
the country in an electric power becomes covered at the expense of wind turbines. In Asia keen interest 
in technologies of alternative power engineering also is observed. So, China came out on top on outputs 
of PV panels [31], thereby promoting decrease in price level on PV-panels at the expense of a scale 
effect. 
 
Unfortunately, Russia against these countries can't brag of outstanding achievements in the field of 
energy efficiency and energy saving. The modern economy of Russia is based on use of non-renewable 
hydrocarbonic fuel and energy resources. Specific weight of oil, natural gas and coal totally makes more 
than 90%, and the advancing increase in a share of one source - natural gas is observed in the last decade. 
 
It is obvious today that in the next years the tendency of deterioration of mining-and-geological 
conditions of production of hydrocarbonic resources and toughening of environmental standards when 
burning traditional fuel in all branches of national economy will proceed. At the same time in process of 
scientific and technical progress competitiveness of alternative energy sources among which the most 
important role will be played by nonconventional renewables will increase. 
 
Russia, occupying the biggest territory of land in the world and being in several climatic zones and, 
respectively, the most various climatic conditions, possesses the huge technical potential of renewable 
power. Thanks to existence of huge stocks of hydrocarbons Russia didn't hurry to develop rather 
expensive renewables until recently. Essential progress in the country was made only by branch of 
production of firm biofuel from wood which leans on extensive stocks of the wood and a great demand 
on this type of fuel in Europe. 
 
Transition to renewables in the Russian Federation is a question not only purely economic, but also 
political. All scientific and technical capacity of the leading countries is thrown into branch of renewable 
power in the world. Continuation of ignoring of world tendencies in an energy drink threatens Russia 
with essential lag in technical and technological spheres. For this reason in recent years in the Russian 
Federation at last real movement in the direction of development of alternative energy sources began. 
Today the renewed power in Russia takes the first steps, but the legislative foundation for fast start of all 
sectors of this branch already is now laid. 
 
The most perspective technologies of alternative power engineering in Russia are PV panels and wind 
generators as insolation in many territories of the Russian Federation exceeds 5 kW of h/sq.m day (an 
indicator is comparable with similar in such countries as Spain, Portugal), strong winds are present on the 
most part of the territory, including at coastal zones. 
 
The government of the Russian Federation pays special attention to development of the Far East (not 
without reason for these purposes the separate ministry is created). One of the most ambitious projects 
realized in this region, Eastern gas program assuming construction of the Force of Siberia gas pipeline is. 
Complex development of hydrocarbonic resources of the region and entry into the energy markets of the 
countries of ATR can be used for fixing of positions of Russia in this strategically important region of 
the world, and the growing demand of fuel and energy resources of east regions of Russia can become 
the powerful tool of foreign policy of the state. In the light of the latest events – agreement signings 
between JSC Gazprom and National Oil and gas Corporation (KNNK) – implementation of this 
Program received a new round of the development. It should be noted that the Force of Siberia gas 
pipeline will lie in the areas, very attractive alternative energy sources from the point of view of use. 
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As one of objects of the main gas pipeline the compressor stations representing a complex of 
constructions and the equipment for increase of pressure of compression of gas at its production, 
transportation and storage act. Normal functioning of compressor station requires the electricity 
generated by power plant of own needs. As a rule, the electricity is developed by diesel generators, or the 
small thermal power plants working at natural gas. Thereby, there is a burning of hydrocarbons which 
could go instead for sale, and in an atmosphere million tons of carbon dioxide annually jump out. In this 
master thesis the analysis of possibility of use of PV panels and wind generators for production of 
electricity at compressor stations is carried out. What results will be brought by introduction of 
technologies of alternative power engineering at implementation of East gas program? 
 
First of all, it is necessary to emphasize that construction of the gas pipeline will give a strong impulse to 
development of the Far East region as implementation of this program will allow to install gas in many 
remote settlements of our country. The example of use of PV panels and wind turbines on KS can 
become good help for further use of VIE on remote objects. As the infrastructure of this region is the 
extremely undeveloped, and, in fact, will be created from scratch, use of the most modern power 
effective technologies would be the most logical step. 
 
Besides, territories in the Far East region aren't occupied almost therefore the areas necessary for 
construction of a power hub, including PV-panels and wind generators, most likely, on a gratuitous basis 
will be provided by the state therefore implementation of the similar project is favorable and from the 
economic point of view, and the point of view of land development. 
 
As it was already noted, electricity generation due to the listed above technologies will make an essential 
contribution to decrease in emissions of harmful substances, and the main thing, will allow to reduce gas 
consumption, thereby promoting preservation of raw materials so valuable to Russia. 
 
The project of installation of a power hub is scalable and can be applied to generation of almost any 
capacities (from several kilowatts to hundred megawatts). Therefore applicability of the technologies 
described in this work, is almost boundless. 
 
Eventually, the similar project has a strong image component. Use of modern technologies of alternative 
power engineering is a universal trend to which Russia, unfortunately, meanwhile almost has no relation. 
Therefore installation of PV panels and wind turbines for electricity generation at compressor station will 
allow to promote, on the one hand, to implementation of the main points of the Government resolution 
on VEI development in Russia, and on the other hand, will increase prestige of the country on the world 
scene. 
 
At implementation of projects on creation of power hubs it is considered to be the main obstacle their 
economic inexpediency. In this master thesis the detailed analysis investment appeal of the project which 
showed is carried out that the payback period at the indicators corresponding to the Russian realities, 
makes about 10 years. It should be noted that these calculations don't consider the help from the state 
which, for example, is present almost at all EU countries and America. If to consider tax eases and 
application of "A green tariff", it is possible to receive even more impressive results, however even the 
payback period of an energy project in 10 years is the extremely attractive to potential investors. 
 
It is important to note that responsibility for development of alternative power engineering, first of all, 
lies on the state.  Around the world advance and promoting of technologies of renewable power are a 
consequence of legislative initiatives and will of the persons making decisions.  Therefore 
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implementation of the offered concept of installation of a power hub for production of electricity at 
compressor station depends not only on involvement of investors, but also on actions of the state and 
JSC Gazprom management.  
Today already nobody denies that days of "hydrocarbonic power" will be considered in some decades 
therefore the most far-sighted power programs are directed on introduction of energy saving 
technologies. There is a wish to hope, as in Russia the boom of alternative power engineering which will 
help to diversify power balance of the country in the nearest future will begin, will promote reduction of 
emissions of harmful substances, and also will make our country more technological power. 
 

7 . Conclusion 
 

• •  In dissertation work the question of expediency of use of energy of the sun and a wind for the 
purpose of power supply of objects of the Gas transmission system of Russia, included in East 
gas program of JSC Gazprom is considered.  

• • The market analysis the PV-panels of panels and wind generators is carried out, the main 
problems of development of alternative power engineering in Russia are designated. 

• • East gas program was in details described and prospects of the Program for use of solar panels 
for the purpose of power supply of compressor stations are shown. Potential of use of territories 
in which the Program, from the point of view of installation of PV panels and wind turbines will 
be implemented is analysed. 

• • The concept of a power hub is offered, technological and economic calculations for various 
configurations of solar panels and wind generators are carried out. For each option the analysis 
of sensitivity of the main economic indicators is submitted. 

• • On the basis of the obtained data the conclusion is drawn on economic efficiency of use of a 
power hub for electricity generation at compressor station, the main problems of development 
of this concept are designated and approaches to their decision are presented. 
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